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RELATED APPLICATIONS 

The present application is a continuation-in-part of U.S. Serial Number 07/871,420, filed on April 21, 
1992, the disclosure of which is incorporated herein by reference. 

5 

BACKGROUND OF THE INVENTION 

Throughout this application, various references are referred to in parenthesis to more fully describe the 
state of the art to which this invention pertains. Full bibliographic information for each citation is found at the 

10 end of the specification, immediately preceding the claims. The disclosures of these references are hereby 
incorporated by reference into the present disclosure. 

Respiratory syncytial virus (RSV), a member of the paramyxovirus family, is the leading cause of viral 
pneumonia and bronchiolitis in infants and young children and is responsible for an estimated 95,000 
hospitalizations and 4,500 deaths per year in the United States (IOM report, 1985; Hall and Mc Bride, 1991; 

is Mcintosh and Chanock, 1990). Serious disease is most prevalent in infants 6 weeks to 6 months of age and 
in children with certain underlying illnesses (e.g. immunodeficiencies, congenital heart disease and bron- 
chopulmonary dysplasia). Two major subgroups of RSV have been identified, A and B, as well as antigenic 
variants within each subgroup (Anderson et al, 1985; Mufson et al, 1985). Multiple variants of each subgroup 
have been found to cocirculate in epidemics which occur annually during late fall, winter, and spring months 

20 (Anderson et al, 1991). Most children are infected by 2 years of age. Complete immunity to RSV does not 
develop and reinfections occur throughout life (Henderson et al, 1979; Hall et al, 1991). Most infections are 
symptomatic and are generally confined to mild upper respiratory tract disease. A decrease in severity of 
disease is associated with two or more prior infections and, in some studies, with high levels of serum 
antibody, suggesting that protective immunity to RSV disease will accumulate following repeated infections 

25 (Lamprecht et al, 1976; Henderson et al, 1979; Glezen et al, 1981; Glezen et al, 1986; Kasel et al, 1987/88; 
Hall et al, 1991). There is also evidence that children infected with one of the two major RSV subgroups 
may be somewhat protected against reinfection with the homologous subgroup (Mufson et al, 1987). These 
observations suggest that it is both possible and worthwhile to develop an RSV vaccination regimen for 
infants and young children which would provide sufficient temporary immunity to protect against severe 

30 disease and death. 

Early attempts (1966) to vaccinate young children used a parenterally administered formalin-inactivated 
RSV vaccine. Unfortunately, administration of this vaccine in several field trials was shown to be specifically 
associated with the development of a significantly exacerbated illness following subsequent natural infection 
with RSV (Kapikian et al, 1969; Kim et al, 1969; Fulginiti et al, 1969; Chin et al; 1969). The reasons why this 

35 vaccine enhanced RSV disease are not clear. It has been suggested that this exposure to RSV antigen 
elicited an abnormal or unbalanced immune response which led to an immunopathologicat potentiation of 
natural disease (Kim et al, 1976; Prince et al, 1986). Following the lack of success with the formalin- 
inactivated vaccine, emphasis was placed on the development of live attenuated RSV vaccines. Vaccine 
candidates developed by cold adaptation were reduced in virulence in seropositive adults, however, one 

40 vaccine tested in seronegative infants was found to be under-attenuated (Kim et al, 1971; Forsyth and 
Phillips, 1973). RSV temperature sensitive (TS) mutants derived by chemical mutagenesis (Gharpure et al, 
1969) were attenuated in rodent and non-human primate models (Wright et al, 1970; Richardson et al, 
1978). Two mutants which initially appeared promising were found to be over- or under- attenuated in 
seronegative infants and to lack genetic stability (Kim et al, 1973; Hodes et al, 1974; Mcintosh et al, 1974; 

45 Wright et al, 1976; Wright et al, 1982). Another vaccination approach using parenteral administration of live 
virus was found to lack efficacy and efforts along this line were discontinued (Belshe et al, 1982). Notably, 
these live RSV vaccines were never associated with disease enhancement as was the formalin-inactivated 
RSV vaccine. 

Current RSV vaccine development efforts continue for both the live virus and subunit approaches. 

so Because of previous experience with the formalin-inactivated RSV vaccine, trials of vaccines composed of 
non-replicating viral antigens have proceeded very cautiously. Only one subunit vaccine, purified F protein 
(PFP, Lederle-Praxis Biologicals) is currently in clinical trials. Studies in seropositive children have thus far 
given no indication of enhancement of natural disease. Other subunit vaccines in development include 
baculovirus produced chimeric FG protein (Brid au et al, 1989 [Upjohn]; Wathen et al, 1991 [Upjohn]) and 

55 peptides from F and G proteins (Trudel et al, I99la,b). Vaccine approaches using live-attenuated RSV TS 
mutants (McKay et al, 1988; Watt et al, 1990) and recombinant vaccinia and adenoviruses expressing RSV 
F and G proteins (Olmstead et al, 1988; Collins et al, 1990a,b) are also being investigated. Use of a live- 
attenuated or live-vectored virus vaccine has several advantages over subunit or inactivated virus vaccines. 
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An intranasally administered replicating virus will elicit systemic immunity. In addition, it is more likely than 
a parenterally administered subunit or inactivated vaccine to give a solid local mucosal immunity comprising 
both humoral and cellular components. This immunity may confer satisfactory protection from lower 
respiratory illness, as well as avoiding complications which could lead to enhanced disease. 

5 Cold adaptation, a process by which virus is adapted to growth at temperatures colder than those at 
which it normally optimally grows, has been used to develop attenuated TS virus mutants for use as 
vaccines (for review see Maassab and DeBorde, 1985). This method generally results in the accumulation 
of multiple genetic lesions, unlike chemical mutagenesis in which the genetic lesions are usually single. 
These multiple lesions may help to confer phenotypic stability by reducing the probability that reversion of 

10 any one lesion will result in reversion of the relevant phenotype. Maassab has used stepwise cold 
adaptation to successfully develop several TS influenza vaccine candidates currently in clinical trials 
(Maassab et al, 1990; Obrosova-Serova et al, 1990; Edwards et al, 1991). These mutants, which bear 
attenuating mutations in at least four different genes, appear to be attenuated, immunogenic, and 
phenotypically stable. Belshe and co-workers have used cold adaptation to develop attenuated, TS strains 

/5 of a paramyxovirus, parainfluenza virus type 3 (Belshe and Hissom, 1982; Murphy et al, 1990). In this case, 
cold adaptation was carried out in primary African green monkey kidney cells by reducing temperatures to 
20°C. Analysis of several virus variants cloned from this cold adapted population demonstrated that the 
level of attenuation and temperature sensitivity increased as the length of cold adaptation increased. These 
variants were shown to have reduced potential for virulence in humans, however the temperature sensitive 

20 phenotype was somewhat unstable in clinical trials (Clements et al, 1991). RSV was successfully cold 
adapted to 25-26°C in several laboratories in the mid 1960's, but was found to be under-attenuated in 
vaccine trials (Kim et al, 1971; Maassab and DeBorde, 1985; Forsyth and Phillips, 1973 (Lederle)). Maassab 
and DeBorde (1985) have suggested this may be because cold adaptation was not carried out at low 
enough temperatures, or clones of adequately attenuated virus were not isolated from a genetically mixed 

25 population of cold adapted virus. 

SUMMARY OF THE INVENTION 

This invention provides cold adapted mutant RSV, specifically, mutant RSV of subgroup A and B. 
30 Nucleic acid molecules encoding the mutant RSV of this invention, and immunogenic polypeptides of these 
mutant RSV also are provided by this invention. Pharmaceutical compositions containing any of the above 
compositions are provided herein. These are especially useful as vaccines. Further provided by this 
invention are methods of vaccinating a subject against RSV infection using the pharmaceutical compositions 
described herein. 

35 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows a flow chart detailing the propagation of RSV 2B working seed MK7V14b and RSV 3A 
working seed MK8V17b. 

40 Figure 2 shows growth and cytopathic effect of RSV 2B at temperatures from 26°C to 36°C in Vero 
cells. 

Figure 3 shows growth and cytopathic effect of RSV 3A at temperatures from 26°C to 36°C in Vero 
cells. 

Figure 4 graphically shows titration results obtained at each passage of RSV 2B and RSV 3A. 
45 Figure 5 shows the growth curves of RSV 2B, RSV 2Bp24G, RSV 2Bp20L, RSV 3A, RSV 3Ap20E and 
RSV 3Ap20F in Vero cells at temperatures from 20°C to 40°C. 

Figure 6 compares graphically the growth of RSV 2B and RSV 2Bp20L in cotton rats from 3 to 7 days 
post-infection. 

Figure 7 compares the relative growth and pathogenicity of RSV 2B and RSV 2Bp20L in four (4) year 
so old seropositive chimps. 

Figure 8 is a diagram showing virus titrations for monkeys infected with the RSV 2B TS mutants and 
subsequently challenged with the parental strain. 

Figur 9 is a diagram showing virus growth in African green monkey cells infected with the RSV 3A TS 
mutants and challanged with the parental 3A strain. 
55 Figure 10 is a diagram showing a growth study in African green monkeys comparing TS-1 with RSV 
2Bp33F and 3Ap28F. 
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DETAILED DESCRIPTION OF THE INVENTION 

This invention provides a cold adapted mutant respiratory syncytial virus (RSV). This mutant RSV is 
capable of eliciting an immune response when administered to a subject without causing significant disease, 

s such as respiratory distress or otitis media. As used herein, the term "cold adapted mutant" means an 
attenuated virus that has been attenuated by propagation at lower than optimal temperatures. Examples of 
cold adapted mutant viruses have been provided in the background of the invention section, supra . In one 
embodiment of this invention, the cold adapted mutant RSV is a mutant subgroup A RSV. In a preferred 
embodiment, the mutant RSV subgroup A virus is a virus selected from the group consisting of 3Ap20E, 

ro 3Ap20F and 3Ap28F. Also provided by this invention is a cold adapted mutant RSV, wherein the cold 
adapted mutant is of the subgroup B. In a preferred embodiment, the cold adapted subgroup B virus is a 
virus selected from the group consisting of 2Bp33F, 2Bp24G, 2Bp20L and 2Bp34L The viruses of this 
invention are useful (1) as live virus vaccines, (2) as a source of genetic material to give, enhance, or 
stabilize an attenuated phenotype of any RSV strain, (3) as a source of immunogenic polypeptide, (4) as a 

75 source of genetic material for recombinant expression of immunogenic polypeptides by a live virus or 
bacterial vector (e.g. baculovirus, vaccinia virus, adenovirus, attenuated Salmonella), (5) as viral vectors for 
expression of immunogenic proteins from other viruses, e.g., RSV F and G proteins, influenza HA and NA 
proteins, parainfluenza HN and F proteins, and (6) as a source of reagents to detect antibody in 
immunological assays or nucleic acid in enzyme amplification assays (e.g., polymerase chain reaction 

20 (PCR)). 

This invention also encompasses all derived strains of the above-identified cold adapted mutants of the 
parental 3A and 2B strains, including, but not limited to those strains attenuated by chemical mutagenesis, 
cold adaptation, or genetic recombination, e.g. site-directed mutagenesis. These methods are well-known to 
those of skill in the art. 

25 Vaccines and pharmaceutical compositions containing these virus are described infra. 

Purified immunogenic polypeptides isolated from the mutant RSV described hereinabove or from cells 
infected with these same mutants, also is provided by this invention. As used herein, the term "polypeptide 
or peptide" is intended to mean a linear polymer of amino acids linked by means of peptide bonds and 
proteins such as antigenic proteins of RSV. The linear polymers or "protein fragments" may be of various 

30 length, as long as the polypeptide is capable of exhibiting immunological activity. Methods of determining 
immunological activity are described infra. 

These polypeptides may be the polypeptides of mutant RSV including the polypeptides designated L, 
F, G, M, M2 (also known as 22K), P, SH, 1B, 1C or N. These polypeptides may be purified by methods 
described below and are useful as immunogens in a subunit vaccine to protect against lower respiratory 

35 disease and other disease symptoms of RSV infection. The purified RSV immunogenic polypeptides may 
be linked or conjugated to each other to provide a chimeric (or fusion) polypeptide. Methods of linking 
polypeptides are well-known to those of skill in the art. Subunit vaccines comprise the relevant im- 
munogenetic material necessary to immunize a host. These vaccines encompass genetically engineered 
immunogens, chemically synthesized immunogens and/or immunogens comprising authentic substantially 

40 pure RSV polypeptides or chimeric polypeptides, alone or in combination with similarly prepared RSV 
polypeptides or proteins, which are capable of eliciting a protective immune response. 

In one embodiment, the RSV polypeptide can be isolated in substantially pure form from RSV or 
cultures of cells infected with RSV. In an alternative embodiment, the RSV polypeptides can be isolated 
from a recombinant system or vector engineered to produce these polypeptides. In yet another embodi- 

45 ment, the RSV polypeptide can be chemically synthesized by methods well known to those of skill in the 
art. The immunogenic polypeptides are most preferably derived from the mutant RSV of this invention. Also 
within the scope of this invention are polypeptides isolated from wild-type viral strains as well as strains 
derived from the strains specifically disclosed herein. 

As noted above, the mutant RSV polypeptides can be purified from recombinant vectors that express 

50 the immunogenic polypeptides. Such recombinants include any of bacterial transformants, yeast transfor- 
mants, cultured cells infected with recombinant viruses or cultured mammalian cells such as Chinese 
hamster ovary (CHO) cells. The recombinant polypeptides can comprise multiple copies of the epitope of 
interest, or the same or different epitopes from different viral subgroups or strains. 

Regard! ss of the method of production, the RSV polypeptide may be used to formulate a vaccine. To 

55 do so, the RSV polypeptide is adjusted to an appropriate concentration and formulated with any suitable 
vaccine adjuvant. The polypeptides can generally be formulated at concentrations in the range of 0.1 ug to 
100 ug per kg/host. Physiologically acceptable media may be used as carriers. These include, but ar not 
limited to: 



4 



EP 0 567 100 A1 



sterile water, saline, phosphate buffered saline and the like. Suitable adjuvants include, but are not limited 
to: surface active substances, e.g., hexadecylamine, octadecylamine, octadecyl amino acid esters, 
lysolecithin, dimethyl-dioctadecylammonium bromide, N,N-dioctadecyl-N'-N-bis(2-hydroxyethyl-propane dia- 
mine), methoxyhexadecyglycerol, and pluronic polyols; polyamines, e.g., aluminum hydroxide, aluminum 

5 phosphate, etc. The immunogen may also be incorporated into liposomes or conjugated to polysaccharides 
and/or other polymers for use in a vaccine formulation. 

In yet another embodiment of the invention, the RSV polypeptide is a hapten, i.e., a molecule which is 
antigenic in that it reacts specifically or selectively with cognate antibodies, but is not immunogenic in that it 
cannot elicit an immune response. In such case, the hapten may be covalently bound to a carrier or 

io immunogenic molecule; for example, a large protein such as protein serum albumin which will confer 
immunogenicity to the hapten coupled to it. The hapten-carrier may be formulated for use as a subunit 
vaccine. 

The polypeptides of the present invention may be used when linked to a soluble macromolecular 
carrier. Preferably, the carrier and the polypeptides or proteins of the present invention are in excess of five 

rs thousand daltons after linking. More preferably, the carrier is in excess of five kilodaltons. Preferably, the 
carrier is a polyamino acid, either natural or synthetic, which is immunogenic in animals, including humans. 
The manner of linking is conventional. Many linking techniques are disclosed in U.S. Patent No. 4,629,783 
which is incorporated herein by reference. Many cross-linking agents are disclosed in 1986-87 Handbook 
and General Catalog, Pierce Chemical Company, (Rockford, Illinois) pages 311 to 340, which pages are 

20 incorporated herein by reference. 

This invention also provides a nucleic acid molecule encoding the cold-adapted mutant RSV or the 
polypeptides described hereinabove. Also provided is a nucleic acid molecule encoding the chimeric 
polypeptides. These nucleic acids may be DNA molecules, cDNA molecules or RNA molecules, e.g. anti- 
sense RNA. The invention also encompasses nucleic acids molecules which differ from that of the nucleic 

25 acid molecules which encode these polypeptides, but which produce the same phenotypic effect. These 
altered, phenotypically equivalent nucleic acids molecules are referred to as "equivalent nucleic acids". 
This invention also encompasses nucleic acid molecules characterized by changes in non-coding regions 
that do not alter the phenotype of the polypeptide produced therefrom, when compared to the nucleic acid 
molecule described hereinabove. 

30 Also provided is a nucleic acid molecule comprising noncoding sequences of the mutant RSV. These 
non-coding regions are to include 5* noncoding regions, 3 f noncoding regions, intergenic sequences, and 
other noncoding regions of the viral genome. These include, but are not limited to transcriptional, 
translational, and other regulatory regions. These nucleic acid molecules also may be DNA molecules, 
cDNA molecules or RNA molecules. 

35 Further encompassed are nucleic acid molecules which hybridise to the nucleic acid molecules of the 
subject invention under conditions of moderate to high stringency. Multiple factors are important in 
determining the stringency of a hybridisation including species of nucleic acids hybridized, length of nucleic 
acid probe, T M (melting temperature), temperature of hybridization and washes, salt concentration in the 
hybridization and wash buffers, aqueous or formamide hybridization buffer, and length of time for 

40 hybridization and for washes. An example of moderate to high stringency conditions are DNA-DNA 
hybridization with a probe greater than 200 nucleotides in aqueous buffer including 0.9 M sodium chloride 
and 0.09 M sodium citrate for eighteen hours at 55°C to 65°C, and washed in buffer containing 0.3 M 
sodium chloride and 0.03 M sodium citrate at 42°C. 

The nucleic acid molecules of this invention may be operatively linked to a promoter of RNA 

45 transcription, as well as other regulatory sequences. As used herein, the term "operatively linked" means 
positioned in such a manner that the promoter will direct the transcription of RNA off of the nucleic acid 
molecule. An example of a promoter is the T7 promoter. Vectors which contain both a promoter and a 
cloning site to which an inserted piece of nucleic acid is operatively linked to the promoter, are well known 
in the art. Preferably, these vectors are capable of transcribing nucleic acid in vitro and in vivo . 

so Examples of such vectors are nucleic acids of the RSV genome of "different types (including other 
attenuated subtypes) by substituting the nucleic acid regions encoding the polypeptides or the noncoding 
regions described hereinabove for the nucleic acids of other RSV types such that the resulting virus is more 
stronger or stably attenuated. Recombinant viral or bacterialvectors engineered to express the mutant RSV 
immunogenic polypeptides, e.g. vectors of adenovirus, vaccinia virus, poliovirus, influenza virus, parain- 

55 fluenza virus, salmonella, each of which includes all members of these families. 

Further provided are recombinant virus and polypeptides encoded by the nucleic acid molecules of this 
invention. As used herein, a "recombinant virus" is intended to mean a virus that is genotypically altered 
from wild-type virus. 



5 



EP 0 567 100 A1 



Virosomes are artificial lipid envelopes (liposomes) whose membranes contain virus proteins and which 
encapsulate substances which can include nucleic acids, drugs, proteins and other active compounds. 
These liposomes may contain RSV envelope proteins from the RSV of this invention. As an example, the G 
protein of RSV will target the virosome to the respiratory epithelial cells. The F protein will cause fusion of 

5 the virosome with the target cell to enable to contents of the virosome to be delivered to the target cell. 
Virosomes may be administered to the subject intravenously, however, the preferred mode of administration 
is by aerosol delivery to the lungs e.g., by the use of a nebulizer. Methods of constructing virosome 
delivery systems are well-known to those of skill in the art. Nucleic acid encoding mutant RSV polypeptides 
and chimeric polypeptides, can be efficaciously delivered to target cells by a virosome delivery system to 

io act as vaccines in the host. 

A host vector system for the production of the recombinant polypeptides described hereinabove and for 
expressing the nucleic acid molecules of the subject invention are provided. The host vector system 
comprises one of the vectors described hereinabove in a suitable host. For the purpose of this invention, a 
suitable host may include, but is not limited to a eukaryotic cell, e.g., a mammalian cell, a yeast cell or an 

is insect cell for baculovirus expression. Suitable mammalian cells may comprise, but are not limited to Vero 
cells, CHO cells, WI-38 cells and primary monkey kidney cells. The suitable host may also comprise a 
prokaryotic host cell such as the bacteria cell E. coli. 

A pharmaceutical composition comprising any of the cold adapted mutant RSV described above or 
polypeptides or chimeric polypeptides, alone or in combination, and a pharmaceutical^ acceptable carrier 

20 is also provided by this invention. As used herein, the term "pharmaceutical ly acceptable carrier" 
encompasses any of the standard pharmaceutical carriers, such as physiologically balanced culture 
medium, phosphate buffer saline solution, water, and emulsions, such as an oil/water or water/oil emulsion, 
various types of wetting agents and protein stabilizer. 

In one embodiment of this invention, the pharmaceutical composition is intended for use as a vaccine. 

25 In one embodiment a virus may be mixed with cryoprotective additives or stabilizers such as proteins (e.g., 
albumin, gelatin), sugars (e.g., sucrose, lactose, sorbitol), amino acids (e.g., sodium glutamate), saline, or 
other protective agents. This mixture is then dessicated or lyophilized for transport and storage and mixed 
with water immediately prior to administration. Alternatively, the virus may be inactivated by formalin or 
heat, and mixed with an adjuvant such as aluminum hydroxide, saline and a detergent such as phosphate 

30 Tween buffer. For methods of vaccine preparation, see Duffy, (1982). 

Pharmaceutical compositions comprising any of the cold adapted mutant RSV, nucleic acid molecules 
encoding mutant RSV, the immunogenic polypeptide, or the chimeric polypeptide, or live vectors capable of 
expressing RSV polypeptides, is useful to vaccinate a subject against RSV infection. Thus, this invention 
further provides a method of vaccinating a subject against RSV infection by administering to the subject an 

35 effective immunizing amount of a pharmaceutical composition described hereinabove. 

This subject may be animal, for example a mammal, such as a chimp or preferably a human. A 
sufficient amount of the vaccine must be administered to the subject to elicit an immune response. Persons 
skilled in the art will readily be able to determine such amounts. Administration may be by any effective 
form, such as intranasally, parenterally, intravenously, orally, or topically applied to any mucosal surface 

40 such as intranasal, oral, eye or rectal surface. In the preferred embodiment of this invention, live viral 
vaccines are administered intranasally, orally parenterally or applied to any mucosal surface (nasal, oral, 
eye, rectal) as described hereinabove. Inactivated whole virus vaccine is preferably administered paren- 
terally or to any mucosal surface. 

A method for producing a recombinant polypeptide described hereinabove, is also provided, which 

45 comprises growing the cell containing nucleic acid of this invention and/or the host vector system of this 
invention under suitable conditions, permitting production of the polypeptide and recovering the resulting 
recombinant polypeptide produced. 

Also provided by this invention is a substance capable of specifically forming a complex with a purified 
polypeptide, or chimeric polypeptide described hereinabove or the mutant attenuated cold adapted RSV. In 

so one embodiment of this invention, the substance is an antibody, such as a monoclonal antibody or chimeric 
antibody. In the preferred embodiment of this invention, the monoclonal antibody is a human monoclonal 
antibody. 

This invention further provides a method to attenuate a virus by cold-adaptation. 

Samples of mutant RSV of this invention have been deposited with the American Type Culture 
55 Collection (ATCC) 12301 Parklawn Drive, Rockville, Maryland, U.S.A. 20852, under the provisions of the 
Budapest Treaty for the Deposit of Microorganisms for the Purposes of Patent Procedures ("Budapest 
Treaty"). The virus were accorded the following ATCC designation numbers: 2Bp33F(VR 2364), 2Bp24G(VR 
2370), 2Bp20L(VR 2368), 2Bp34L(VR 2365), 3Ap20E(VR 2369), 3Ap20F(VR 2367), and 3Ap28F(VR 2366). 
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EXEMPLIFICATION 

Passage and Characterization of RSV 2B and RSV 3A Parental Strains 

s RSV 2B and RSV 3A parental strains were isolated and passed in qualified cell lines and under 

conditions consistent with use as clinical study material. 

Two RSV strains, 20648 and 23095, were isolated by Dr. Robert Belshe (Marshall University School of 

Medicine, West Virginia) from nasal swab samples taken from ill children. These viruses were later 

recovered from the original frozen nasal swab samples, passed 2 to 3 times in primary rhesus monkey 
io kidney (PRMK) cells, and then sent to applicants. 

Isolate 20648 (subgroup B) was renamed RSV 2B. Virus was passed 7 times in PRMK cells at 35°C, 2 

times in Vero cells at 35°C and plaque purified and amplified 3 times (6 passages) in Vero cells at 36°C. 

Virus was further amplified an additional 2 times in Vero (36°C),stocks were filtered with a 0.2 m filter and 

amplified another 2 times in Vero cells. This was followed by production of a Master Seed (RSV 2B, MK7 
75 V12b), Intermediate working seed (RSV 2B, MK7 V13b) and Working seed (RSV 2B, MK7 V14b). See 

Figure 1. 

Isolate 23095 (subgroup A) was renamed RSV 3A. RSV 3A was passed 8 times in PRMK cells at 35°C. 
This was followed by 2 passages in Vero at 35°C and 6 passages in Vero cells at 36°C, including 3 plaque 
purification steps. Virus was further passaged 6 times in Vero cells at 36°C including a 0.2 m filtration step. 
20 This was followed by production of a Master seed (RSV 3A, MK8 V15b), Intermediate working seed (RSV 
3A, MK8 V16b), and Working seed (RSV 3A, MK8 V17b). See Figure 1. 

Subgroup specificities of RSV 2B and RSV 3A Master seeds were confirmed using subgroup specific 
monoclonal antibodies. Virus stocks were shown to be free of microbial contaminants and adventitious 
agents. 

25 The F, N, and G proteins of RSV 23 and RSV 3A stocks and reference RSV strains A2, Long, and 
18537 were analyzed by radioimmunoprecipitation (RIP) and western blotting procedures using monoclonal 
antibodies. The F1 subunits of the RSV subgroup B strains, 2B and 18537, migrated faster on SDS- 
polyacrylamide gels than did the F1 subunits of the RSV subgroup A strains, 3A and Long. No difference in 
migration of the N proteins of the RSV 2B and 3A strains and the reference strains was seen. In RIP gels, 

30 the G protein was visible as two bands at - 80-90 Kda and ~ 45 Kda. The 80-90 Kda bands of RSV 3A and 
Long comigrated; however, the 80-90 Kda band of RSV 2B also appeared to comigrate with the subgroup A 
species rather than with the faster RSV 18537 (subgroup B1). This suggests that RSV 2B may be a 
member of the B2 subgroup as described by Akerlind et al., 1988: In western blots, the relative proportions 
of 80-90 Kda and 45 Kda bands were roughly equal for RSV Long, A2, 2B, and 18537 grown in Vero cells, 

as but staining of the 80-90 Kda band of RSV 3A was significantly greater, suggesting a difference in 
processing of the G protein for this strain when grown in Vero cells. These data demonstrate that the 
apparent M r for the RSV 2B and RSV 3A strains are consistent with current subgroup classifications of RSV, 
but confirm that these strains are not identical to the prototype RSV reference strains. 

Growth of RSV 2B, RSV 3A and RSV A2 in mice and in cotton rats was compared. Both RSV 2B and 

40 RSV 3A replicated poorly in Balb/c mice compared to the RSV A2 reference strain. Consistent recovery of 
RSV 2B and RSV 3A could only be obtained at the highest inoculum dose used (io 60-62 PFU), and was 
similar in magnitude to recovery of RSV A2 at a 100-fold lower inoculum (10 43 PFU). In contrast, growth of 
RSV 2B in cotton rat nose and lungs was similar to growth of RSV A2. Growth of RSV 3A in the nose was 
similar to the other strains; however growth in lungs was significantly poorer. Both mouse and cotton rat 

45 growth data indicate that RSV 2B and RSV 3A have significantly different in vivo growth characteristics than 
the RSV A2 reference strain, as well as differing from each other. 

Cold Adaptation of RSV 

so In order to select an appropriate starting temperature for cold adaptation of RSV, growth of the RSV 2B 
and RSV 3A parental strains in Vero cells at temperatures ranging from 26°C to 36°C was compared. Cells 
were infected at an MOI of 0.4 and virus yield and cytopathic effect (cpe) was monitored for 4 days. The 
results, shown in Figures 2 and 3, demonstrated that for both virus strains, growth at 30°C, 32°C, and 36°C 
was similar in kinetics and yield. At 26°C, virus growth lagged behind growth at the higher temperatur s by 

55 about 24 hours. The limiting factor in achieving optimum titers appeared to be the viral cpe, which occurred 
earlier at higher t mperatures. For both RSV 2B and RSV 3A, optimum titers were achieved by maintaining 
cultures at 30°C. At this temperature, a lower level of cpe allowed growth and spread of virus to continue 
over a longer time period. The r suits suggested that these strains of RSV were already well adapted to 



7 



r 



EP 0 567 100 A1 

growth at 30°C to 36°C. A maximum temperature of 26°C was selected as a starting temperature for cold 
adaptation, as virus growth at this temperature was suboptimal and therefore some selective pressure for 
cold adaptation would be exerted. 

Cold adaptation was initiated on virus stocks RSV 2B (passage MK7 V14) and RSV 3A (passag MK8 

5 V14). To maximize the chance of recovering appropriately attenuated mutants from these cold adapted 
populations, two flasks of virus were independently passed using each of three different cold adaptation 
strategies. This provided a total of six cold adapted populations for RSV 2B and six for RSV 3A. Virus was 
passaged in 25 cm 2 flasks containing confluent Vero cell monolayers. At each passage, virus was harvested 
by replacing the maintenance medium (10 mis of M EM/2% FBS/20m M Mepes) in the infected flask with a 

10 reduced volume of freezing medium (3 mis of MEM/1 0%FBS/20mMHepes) and performing a quick freeze 
at -70°C followed by a thaw at 32°C. To infect the next passage, 1 ml of the freeze-thaw lysate was 
transferred to a fresh flask of confluent Vero cells, virus was allowed to adsorb at room temperature (20°C- 
22°C), and then flasks were overlaid with maintenance medium (MEM/2%FBS/20mMHepes) and incubated 
at the appropriate temperature in water baths (i.e., 26°C, 22°C, 20°C). 

75 Titrations were performed at 32°C on each freeze-thaw lysate and the remainder of the material was 
stored at -70°C for future isolation of virus variants. Three passaging strategies were used. Flasks E and F 
were "slowly" adapted, beginning at 26°C with 4 passages every 2 days, followed by passage once every 
week until titers appeared to be relatively stable or were increasing. Virus was then passaged weekly at 
22°C until consistently high titers were achieved, and finally maintained by passage every 1-2 weeks at 

20 20°C. Flasks G, H ,and I were adapted by a more moderate strategy. Virus was passaged 2 times at 26°C 
at 3 day intervals, then passaged weekly at 22°C 5 times, and finally maintained by passage every 1-2 
weeks at 20°C. Flasks J and L were "rapidly" adapted, starting with 5 weekly passages at 22°C, followed by 
passage at 1-2 week intervals at 20°C. Actual passage conditions and titration results are shown in Tables 1 
and 2, and are summarized in Table 3. Titration results obtained at each passage are graphically displayed 

25 in Figure 4. The titration results demonstrated an influence of strain on rate of adaptation. For RSV 2B, all 
three cold adaptation strategies eventually yielded high virus titers when flasks were maintained at 20°C. In 
contrast, RSV 3A was adapted to growth at 20°C using a "slow" strategy (E,F), but efforts to force a more 
rapid adaptation resulted in a precipitous decline in virus growth. Passage of these cultures (3A:H,I,J,L) was 
discontinued. 

30 To screen the cold adapted virus populations for accumulation of TS variants, virus taken from each 
flask following 5 and 17 weeks of cold adaptation was tested for efficiency of plaquing (EOP) at 39°C vs. 
32°C. As seen in Table 4, in most cases plaquing efficiency of the cold passage virus was relatively high at 
39°C (£0.2) and was similar to values obtained with the parental virus control (£0.6). The results showed 
that the cold adapted virus populations, with the possible exception of flask RSV 3A-F, had not become 

35 predominantly TS over a period of up to 17 low temperature passages. 

Following further cold passaging, attempts were made to isolate temperature sensitive mutants by 
plaque purifying virus from each cold adapted flask. Plaque purified mutants were initially identified by 
relatively poor growth (lower titers or smaller plaque size) at 39°Cvs 32°C. In these assays, shown in Table 
5, the percentage of plaque purified virus that could be clearly identified as temperature sensitive ranged 

40 from 0% to 40% of plaques picked. Several individual flasks (2B-H, 2B-L, 3A-E, 3A-F) appeared to contain a 
relatively higher percent of TS phenotypes, and in some cases the percentage of TS mutants increased 
over time. However, TS mutants did not appear to become a predominant variant over a period of up to 42 
weeks of cold passaging. 

To summarize, cold passaging of RSV 2B and RSV 3A resulted in cold adaptation of virus based on the 
45 ability of virus to grow stably at 20°C with consistently high yields. Analysis of EOP assays and the rate of 
isolation of TS mutants indicated that although TS mutants did arise in the cold adapted virus populations, 
they did not become a predominant species. 

Screening for Vaccine Candidates 

50 

TS mutants were further screened and selected for vaccine candidates based on degree of temperature 
sensitivity in vitro, attenuation in animal models (including mice, cotton rats, and chimps), and retention of 
neutralizing epitopes. 

Over a period of 39 weeks of cold adaptation, a total of 13 RSV 2B and 6 RSV 3A TS mutants were 
55 plaque purified a second time and further characterized. Comparison of EOP's at 37/32°C, 39/32°C, and/or 
40/32°C confirmed that these mutants had reduced plaquing efficiency at the higher temperatures and 
represented a range of temperature sensitivity (see Table 6). 
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Prior to completing the isolation of all 19 mutants described above, a group of 4 mutants, RSV 2Bp24G, 
RSV 2Bp20L, RSV 3Ap20E, and RSV 3Ap20F, were selected from. the first set of plaque purified viruses for 
preliminary characterization. To look at actual virus growth curves, Vero cells were infected with these 4 
mutants at an MOI of 2, and incubated at 20°C, 32°C, 37°C, and 40°C for 7 days. The results, shown in 

5 Figure 5, indicated that all 4 mutants were cold adapted and temperature sensitive, as evidenced by earlier 
and higher rises in titer in cultures incubated at 20°C, and reduced or absent growth of virus in cultures 
incubated at 37°C, 39°C, and 40°C. Based on the degree of temperature sensitivity seen in EOP and growth 
studies, one subgroup A and one subgroup B mutant, RSV 2Bp20L and RSV 3Ap20E, were selected to 
perform additional preliminary experiments on phenotypic stability and growth in mice. 

10 The infectivity and immunogenicity of RSV 2Bp20L and RSV 3Ap20E were evaluated in Balb/c mice. 
Virus growth was measured in nasal wash and lung samples harvested 4 and 5 days post-infection and 
serum neutralizing antibody titers were determined 32 days post-infection. Results are shown in Table 7. 
Growth and immunogenicity of the parental virus was very low, but detectable. In contrast, no virus was 
recovered and no neutralizing antibody was detected following inoculation of the TS strains, indicating that 

75 these strains were highly attenuated in mice. 

Of the 19 TS mutants which were eventually isolated, four RSV 2B and 3 RSV 3A mutants were 
selected for further in vitro and in vivo characterization. These mutants included the original 4 mutants 
described above, as well as 3 mutants isolated at later time points. Selection criteria included demonstration 
of definite TS phenotype at both 37°C and 39°C and representation of both subgroups and varying passage 

20 strategies and passage numbers. These 7 TS mutants were plaque purified a third time and amplified to 
make small working stocks. Their passage histories are summarized in Table 8. The initial analysis of these 
mutant strains included comparison of plaquing efficiencies and plaque morphologies at 32°C, 37°C, and 
39°C in Vero cells (Table 9), and growth at 32°C, 37°C, 39°C, and 40°C in Vero cells (Table 10). At 37°C 
and 39°C, EOP was reduced and small and intermediate plaque sizes predominated, indicating that mutants 

25 were TS. Some breakthrough of "wt" plaque size revertants was seen with all variants except RSV 2Bp34L 
and RSV 3Ap20F. In growth studies, Vero cells were infected with the virus strains at an MOI of 0.2 and 
virus yield was determined 4 days post-infection. Comparison of virus yields in Vero cells at the various 
temperatures demonstrated that virus yield, expressed as PFU per cell, decreased significantly at the higher 
temperatures (37°C, 39°C, 40°C). In some cases, virus yield was also somewhat reduced at 32°C relative to 

30 the parental strain, indicating attenuation in growth at 32°C. This is consistent with the smaller plaque sizes 
observed in the 32°C EOP assays (Table 9). For all strains, at least one plaque was detected in cells 
incubated at 39°C or 40°C, suggesting that some revertants were present. Both EOP and virus yield studies 
demonstrate that these 7 isolates possess varying levels of temperature sensitivity and may represent a 
range of levels of attenuation. 

35 Retention of neutralizing epitopes was examined by comparing reactivities of the 7 mutants and 
parental strains with 2 neutralizing monoclonal antibodies representing antigenic sites A and C on the F 
protein described by Beeler and Coelingh (1989) (Table 11). Both antibodies were able to neutralize all the 
virus strains at similarly high dilutions, indicating that the neutralizing epitopes were intact. 

Growth and immunogenicity of the 7 TS mutant strains was evaluated in cotton rats. Groups of rats 

40 were inoculated intranasally with each mutant and lungs and nasal turbinates were harvested 4 days post- 
infection for virus titrations. Sera were collected from an identical set of rats 20 days post-infection to test 
for neutralizing and EIA antibody responses. A summary of virus titration and immunogenicity results are 
shown in Table 12. RSV 2B grew well in the nose and lungs, whereas growth of all 4 RSV 2B TS mutants 
was very poor. Two of the mutants, RSV 2Bp33F and RSV 2Bp24G, displayed a less attenuated phenotype 

45 than did RSV 2Bp20L and RSV 2Bp34L, as indicated by a slightly higher level of replication, as well as a 
100% infection rate. The RSV 3A parental and TS mutant strains grew well in the nasal turbinates, but 
poorly in the lungs. Titers of the RSV 3A TS mutants were lower than that of the parental strain, indicating 
that the TS mutants were somewhat more attenuated than the parent virus. Neutralizing and EIA-F antibody 
titers on sera from rats infected with the RSV 2B and RSV 3A parental and TS mutant strains were also 

so measured. The level of neutralizing and EIA-F antibody titer was low for the RSV 2B TS mutants, consistent 
with the low level of viral replication seen. Interestingly, titers from animals infected with RSV 2Bp33F were 
higher than would be expected in view of the low titration values, and may indicate an intermediat level of 
attenuation for this virus. Neutralizing and EIA-F antibody titrations on all 3 RSV 3A TS mutants dem- 
onstrated that th se mutants were quite immunogenic, consistent with their high level of replication in nasal 

55 tissue. 

Growth of RSV 2Bp20L was further evaluated in cotton rats from 3 to 7 days post-infection to determine 
if failure to recover virus was due to a shift in timing of peak titers. RSV 2B was used as a positive control 
(see Figure 6). The growth kinetics of RSV 2B were typical of other strains of RSV; peak titers occurred on 
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days 4 and 5 in nasal turbinates and on day 4 in lungs. These results substantiate the use of day 4 as the 
optimal harvest day for the parental strain. RSV 2Bp20L was not detected in lungs and rare plaques were 
seen in nasal turbinate titrations on days 3, 5, 6, and 7, demonstrating that attenuation of this virus was not 
simply due to an early or late growth peak. 

s Relative growth and immunogenicity of RSV 2B and RSV 2Bp20L were also compared in 4 year old 
seropositive chimps. Two chimps were infected intranasally with 10 40 and 10 50 PFU of RSV 2B, and 2 
chimps were similarly infected with RSV 2Bp20L The results are shown in Figure 7 and Table 13. Both 
chimps infected with RSV 2B developed a mild upper respiratory infection, consisting of nasal discharge 
and cough. Both chimps shed virus from 3 through 7 days postinfection. The amount of virus shed was 

ro higher and shedding occurred earlier in the chimp infected with the higher dose of RSV 2B. Neither chimp 
inoculated with RSV 2Bp20L showed clinical signs of disease or shed virus. Chemistry and hematology 
workups on all four chimps revealed no significant findings. Serum neutralizing and EIA-F, Ga, and Gb 
antibody titers were substantially increased 14 and 21 days post-infection with RSV 2B. No rises in antibody 
titers were seen in chimps inoculated with RSV 2Bp20L. The results indicated that, in seropositive chimps, 

75 the parental RSV 2B strain was infectious and immunogenic, whereas the RSV 2Bp20L mutant was highly 
attenuated. 

Identification of Immunogenic Polypeptides 

20 According to the present inventions the regions of RSV which are epitopes responsible for eliciting both 
antibody and cell mediated immunity can be determined. These epitopes may include, but are not limited 
to, B-cell and T-cell epitopes. Examples of immunogenic epitopes are those which elicit neutralizing and 
anti-fusion antibodies, those which induce cytotoxic T-cell (CTL) activity, and those which induce a 
lymphoproliferative (LP) response. These regions can be defined by three methods. The first method 

25 employs defined proteolytic cleavage of the native polypeptide. The second method relates to cloning and 
expressing fragments of the polypeptide gene, for example in E. coli. The third relates to synthesis of 
synthetic polypeptides. In all three methods reactivity with an antibody^ or reactivity in a CTL or LP assay 
can be used to identify desired polypeptides, e.g. reactivity with a monoclonal antibody which is capable of 
neutralizing and preventing fusion of RSV, or ability to stimulate a CTL or LP response in T-cells isolated 

30 from animals which have been immunized with RSV or an RSV polypeptide. 

Purification of Polypeptide 

RSV polypeptide may be purified or isolated by any appropriate method known to those of skill in the 
35 art. For exemplary purposes only, an immunoaffinity procedure is provided below. 

Immunoaffinity Purification 

To isolate immunogenic polypeptides encoded by RSV, affinity chromatography using a monoclonal 
40 antibody directed against the polypeptide is used. The monoclonal antibody is purified by ammonium 
sulphate precipitation from ascetic fluid and adjusted to a concentration of about 10 mg/ml in bicarbonate 
buffer (0.1M NaHC0 3 , ph 9.0, 0.5 M NaCI). The antibody is coupled to prehydrolysed cyanogen bromide- 
activated Sepharose 4B beads (Pharmacia) according to the manufacturer's instructions. A column con- 
structed with 7 ml of beads is stored in PBS, 0.02% azide at 4°C. 
45 RSV-infected cell lysates are applied to the column at 10 ml/hour at 4°C. After sample application, the 
column is washed with 500 ml of PBS containing 0.1% Triton X-100. Protein bound to the column is eluted 
with 0.1 M glycine pH 2.5, 0.1% Triton X-100 at 6 ml/hour. Elution samples may be buffered to pH 7.0 with 
tris and analyzed by SDS-PAQE. Polypeptide samples may be pooled and diafyzed against PBS and stored 
at -70°C. 

50 

Proteolytic Cleavage 

A monoclonal antibody can be tested for its ability to bind to the immunogenic polypeptide by 
radioimmunoprecipitation or ELISA analysis. T-cells can be tested for reactivity to the immunogenic 
55 polypeptide by CTL or LP assay. 

To map the epitope, synthetic polypeptides will be prepared which correspond to various regions along 
the polypeptide. These synthetic polypeptides are then coupled to a carrier protein, such as keyhole lympet 
hemoyanin (KLH), and then used separately to immunize rabbits. Antisera produced in the rabbits will react 
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with the uncoupled synthetic polypeptide corresponding to the immunogen which induced the anti-serum 

The purified polypeptide is then subjected to proteolytic cleavage under a variety of conditions. For 
example, the enzymes can be (1) trypsin which specifically cleaves after lysine and arginine residues, (2) 
endoproteinase Arg-C which cleaves specifically after arginine residues, and (3) endoproteinase Lys-C 

5 which cleaves specifically after lysine residues. Cleavage after a residue means the breaking of a peptide 
bond at the carboxyl end of the residue. It should be understood that other combinations of proteases can 
be used. Therefore, the presently exemplified combination should not be construed as a limitation on the 
present invention. Cleavages can also performed in the presence and absence of the monoclonal antibody. 
The cleaved protein fragments are separated by SDS-PAGE and the cleavage products analyzed by 

10 Western blot analysis for the ability to bind to the monoclonal antibody as well as the anti-synthetic 
polypeptide antibodies. Alternately, the cleaved fragments may be separated by SDS-PAGE and eluted 
from the gel, or separated by size exclusion columns, and analyzed for the ability to stimulate cell mediated 
responses, e.g. using LP assays. The positions of the proteolytic fragments within the polypeptide are 
deduced from the reactivities of these cleavage fragments with each of the anti-synthetic polypeptide 

75 antisera. Finally, the molecular weight of a fragment can be determined by its mobility in SDS-PAGE. 

The relationship between the positions of the cleavage fragments and the reactivities of these fragments 
to the monoclonal antibody or in assays for cell mediated response, e.g., LP assays are analyzed, and the 
immunogenic epitopes of the RSV defined by the antibody or cellular reactivity are determined. 

20 Cloning And Exp ression Of The Polypeptides 

Regions of the nucleic acid encoding the polypeptide are excised from the cloning vector by restriction 
endonuclease digestion and ligated into a compatible expression vector {see supra ). The expressed 
recombinant proteins are screened for reactivity first with polyclonal rabbit antiserum to native polypeptide , 
25 to identify recombinant fragments and then with the appropriate monoclonal antibody or in a CTL or LP 
assay, to identify those fragments comprising the immunogenic epitope. 

Antigenic Polypeptides 

30 In order to confirm the identify of the immunogenic epitope identified as described above, synthetic 
polypeptides can be prepared corresponding in particular to amino acid residues of the RSV polypeptide. 
The peptides are analyzed for reactivity to an appropriate monoclonal antibody, or in a CTL or LP assay. 

Preparation Of Proteins and Polypeptides And Peptides Related To RSV 

35 

The proteins and polypeptides of the present invention can be prepared in a wide variety of ways. The 
polypeptides, because of their relatively short size may be synthesized in solution or on a solid support in 
accordance with conventional techniques. Various automatic synthesizers are commercially available and 
can be used in accordance with known protocols. See, for example, Stewart and Young, 1984, Solid Phase 

40 Peptide Synthesis, 2d Ed., Pierce Chemical Co. The structural properties of polypeptides, of which three 
dimensional configuration is one, may only be minutely changed by the introduction of a small number of 
modifications such as substitutions, insertions and deletions of one or more amino acids. Generally, such 
substitutions in the amino acid sequence of a polypeptide are in the amount of less than twenty percent, 
more usually less than ten percent. Generally, conservative substitutions are less likely to make significant 

45 structural changes than non-conservation substitutions, which in turn are less likely to make significant 
structural changes than insertions or deletions. Examples of conservative substitutions are glycine for 
alanine; valine for isoleucine; aspartic acid for glutamic acid; asparagine for glutamine; serine for threonine; 
lysine for arginine; phenylalanine for threonine; and the converse of the above. Therefore, it is to be 
understood that the present invention embraces modified polypeptides so long as the epitope of the RSV 

so polypeptide remains unchanged. 

It is also well known that viral epitopes may exhibit strain-to-strain variations. Adjustment by the above- 
indicated modifications may indeed be used advantageously. 

The polypeptides of the present invention may be employed as labeled or unlabeled compounds 
depending on their use. By label is intended a moiety which provides, directly or indirectly, a detectable 

55 signal. Various labels may be employed, such as radio-nucleotides, enzymes, fluorescers, 
chemiluminescers, enzyme substrates, cofactors or inhibitors, particles (e.g. magnetic particles), ligands 
(e.g. biotin) and receptors (e.g. avidin) or the like. In addition, the polypeptides may be modified in a variety 
of ways for binding to a surface, e.g. microtiter plate, glass beads, chromatographic surface, e.g. paper, 
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cellulose and the like. The particular manner in which the polypeptides are joined to another compound or 
surface is conventional and finds ample illustration in the literatur . Se , for example, U.S. Patent Nos. 
4,371 ,51 5; 4,487,71 5 and the patents cited therein. 

Alternatively, recombinant DNA technology may be employed to prepare the polypeptides biosyntheti- 
5 cally. 

Recombinant DNA Technology and Gene Expression 

Recombinant DNA technology involves insertion of specific DNA sequences into a DNA vehicle (vector) 

io to form a recombinant DNA molecule which is capable of being replicated in a host cell. Generally, but not 
necessarily, the inserted DNA sequence is foreign to the recipient DNA vehicle, i.e. the inserted DNA 
sequence and DNA vector are derived from organisms which do not exchange genetic information in nature, 
or the inserted DNA sequence comprises information which may be wholly or partially artificial. Several 
general methods have been developed which enable construction of recombinant DNA molecules. For 

;5 example. U.S. Patent No. 4,237,224 to Cohen and Boyer describes production of such recombinant 
plasmids using processes of cleavage of DNA with restriction enzymes and joining the DNA pieces by 
known methods of ligation. 

These recombinant plasmids are then introduced by means of transformation or transfection and 
replicated in unicellular cultures including prokaryotic organisms and eukaryotic cells grown in tissue 

20 culture. Because of the general applicability of the techniques described therein, U.S. Patent No. 4,237,224 
is hereby incorporated by reference into the present specification. Another method for introducing recom- 
binant DNA molecules into unicellular organisms is described by Colling and Hohn in U.S. Patent No. 
4,304,863 which is also incorporated herein by reference. This method utilizes a packaging, transduction 
system with bacteriophage vectors (cosmids). 

25 Nucleic acid sequences may also be inserted into viruses, for example, vaccinia virus or the mutant 
virus of this invention or its cDNA clone. Such recombinant viruses may be generated, for example, by 
transfection of plasmids or cotransfection of baculovirus into cells infected with virus (Chakrabarti et al., 
1985). 

Regardless of the method used for construction, the recombinant DNA molecule is preferably compati- 

30 ble with the host cell, i.e., capable of being replicated in the host cell either as part of the host- 
chromosomes or as an extrachromosomal element. The recombinant DNA molecule or recombinant virus 
preferably has a marker function which allows the selection of the desired recombinant DNA molecule(s) or 
virus(es). In addition, if all of the proper replication, transcription and translation signals are correctly 
arranged on the recombinant DNA molecule, the foreign gene will be properly expressed in the transformed 

35 or transfected host cells either constitutively or by induction. 

Different genetic signals and processing events control gene expression at different levels. For instance, 
DNA transcription is one level, and messenger RNA (mRNA) translation is another. Transcription of DNA is 
dependent upon the presence of a promoter which is a DNA sequence that directs the binding of RNA 
polymerase and thereby promotes RNA synthesis. The DNA sequences of eukaryotic promoters differ from 

40 those of prokaryotic promoters. Furthermore, eukaryotic promoters and accompanying genetic signals may 
not be recognized in or may not function in a prokaryotic system. 

Similarly, translation of mRNA in procaryotes depends upon the presence of the proper prokaryotic 
signals which differ from those of eucaryotes. Efficient translation of mRNA in prokaryotes requires a 
ribosome binding site called the Shine-Dalgarno (SD) sequence on the mRNA. For a review on maximizing 

45 gene expression, see Roberts and Lauer, 1979. 

Many other factors complicate the expression of foreign genes in prokaryotes even after the proper 
signals are inserted and appropriately positioned. One such factor is the presence of an active proteolytic 
system in E. coli and other bacteria. This protein-degrading system appears to destroy foreign proteins 
selectively.~A tremendous utility, therefore, would be afforded by the development of a means to protect 

so eukaryotic proteins expressed in bacteria from proteolytic degradation. One strategy is to construct hybrid 
genes in which the foreign sequence is ligated in phase (i.e. in the correct reading frame) with a prokaryotic 
structural gene. Expression of this hybrid gene results in a recombinant protein product (a protein that is a 
hybrid of prokaryotic and foreign amino acid sequences). 

Similar considerations of gene expression in eukaryotic systems have been discussed in Enhancers & 

55 Eukaryotic Gene Expression, Gluzman & Shenk (Eds.), Cold Spring Harbor Laboratories, Cold Spring 
Harbor, New York 1983, and Eukaryotic Viral Vectors, Gluzman (Ed.), Cold Spring Harbor Laboratories, Cold 
Spring Harbor, New York 1982. 
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Successful expression of a cloned gene requires efficient transcription of DNA, translation of the mRNA 
and in some instances post-translational modification of the protein. Expression vectors have been 
developed to increase protein production from the cloned gene. In expression vectors, the cloned gene is 
often placed next to a strong promoter which is controllable so that transcription can be turned on when 
5 necessary. Cells can be grown to a high density and then the promoter can be induced to increase the 
number of transcripts. These, if efficiently translated, will result in high yields of protein. This is an 
especially valuable system if the foreign protein is deleterious to the host cell. 

Determination of RSV Genomic Sequence 

10 

The nucleic acid sequence of the RSV genome is determined by sequencing cDNA copies of the viral 
mRNAs and by sequencing the 5' and 3' ends of a purified viral RNA. Intergenic regions are sequenced 
from "read-through" viral mRNAs or by polymerase chain reaction (PCR) of genomic viral RNA. The 
determination of the RSV A2 strain genomic sequence has been described by Collins (1991). 

75 To sequence regions encoded by viral mRNA (e.g, regions encoding the L,P,N,G,F,M, M2(22K), SH, 1B, 
and 1C proteins) viral mRNAs are purified from RSV infected Vero cell cultures using an oligo-dT column. 
Procedures and kits for purification of mRNA are available commercially, e.g., Invitrogen's Fast Track™ kit. 
The purified poly (A)+ mRNA is used to make a cDNA library in competent E. coli (e.g., strain DH5a) using, 
techniques well known to those skilled in the art and available in commercial kits e.g., Invitrogen's' 

20 Librarian™ II cDNA Library Construction System. Ampicillin resistant bacterial colonies are screened by 
colony filter hybridization (Grunstein and Hogness, 1975) using hybridization probes specific for regions of 
RSV mRNA. These probes are radiolabeled RSV sequences and consist of synthesized oligonucleotides or 
portions of genes previously cloned from RSV. Methods of constructing and radiolabeling hybridization 
probes are well know to those skilled in the art and commercial kits are available, e.g., Boehringer 

25 Mannheim's 5' End Labeling kit or Random Primed DNA Labeling kit. Bacterial colonies which are identified 
as containing viral sequence (in recombinant plasmids) are used to amplify the plasmid DNA which is then 
sequenced by the dideoxynucleotide method of Sanger (1977) or by using an automated DNA sequencer 
(e.g. Applied Biosystems automated sequencer and Taq DyeDeoxy™ Terminator Cycle Sequencing kit). 
Some intergenic regions of the viral genomic RNA are identified in bacterial colonies containing clones 

30 which have "read-through" viral sequences which hybridize DNA probes from adjacent viral genes and 
which contain both or parts of these adjacent genes and the noncoding regions between these genes. The 
3' end may be seen as a "read-through" from 1C mRNA. These regions are sequenced as described 
above. 

Purified genomic viral RNA may be used to determine the sequence of regions of virus not encoded in 

35 the viral mRNA, e.g., the 5' and 3' noncoding regions and the intergenic sequences not obtained as 
described above. Genomic viral RNA is purified by the method of Huang and Wertz (1982) as follows. 
Virus-infected Vero cells are lysed by quick freeze-thaw and lysates are clarified by low speed centrifuga- 
tion. Virus is pelleted from lysates by ultracentrifugation, then resuspended by sonication and centrifuged 
through a 10-50% linear sucrose gradient. The visible virus band is collected, sonicated, and rebanded in a 

40 20-60% sucrose gradient. The visible virus band is collected, sonicated, and the genomic viral RNA isolated 
by phenol extraction and recovered by ethanol precipitation. The sequence of the 5' end may be 
determined by dideoxynucleotide sequencing of the 5' end of the genomic viral RNA. The sequence of the 
3' end may be determined by direct chemical sequence analysis of 3'end-labeled viral RNA. Alternately, the 
5 1 end may be determined by primer extension with a 5' end-labeled oligonucleotide of antigenome polarity 

45 using reverse transcriptase and the negative strand genomic viral RNA as template. The product from this 
reaction is gel purified and sequenced directly by the Maxam and Gilbert (1980) technique of base-specific 
cleavage. To sequence any internal sequence not obtained by other methods (e.g., intergenic sequences), 
PCR may be used. To use this method, the viral RNA is reverse transcribed to provide an initial DNA 
template, oligonucleotide primers are synthesized which hybridize strands of opposite polarity on either side 

50 of the region of interest, and the region is amplified by PCR. The PCR product may be sequenced directly 
or may be ligated into a plasmid vector and then sequenced. 

Several recombinant DNA expression systems are described below for the purpose of illustration only, 
and these examples should not be construed to limit the scope of the present invention. 

55 E. Coli As An Expression Vector 



Many E. coli plasmids are known and have been used to express foreign genes. For economic reasons, 
it would be highly preferable to be able to obtain a high level of expression. One way to obtain large 
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amounts of a given gene product is to clone a gene on a plasmid which has a very high copy number 
within the bacterial cell. By increasing the number of copies of a particular gene, mRNA levels would 
normally also increase, which in turn would lead to increased production of the desired protein. If a region 
of gene encodes a protein sequence that is detrimental to the E. coli, such region may be deleted from the 
5 nucleic acid and the remaining nucleic acid will encode a shorter polypeptide. 

Vaccinia Virus As An Expression Vector 

Vaccinia virus may be used as a cloning and expression vector. The virus contains a linear double- 

w stranded DNA genome of approximately 187 kb pairs and replicates within the cytoplasm of infected cells. 
These viruses contain a complete transcriptional enzyme system (including capping, methylating and 
polyadenylating enzymes) within the virus core. This system is necessary for virus infectivity because 
vaccinia virus transcriptional regulatory sequences (promoters) allow for initiation of transcription by vaccinia 
RNA polymerase, but not by cellular RNA polymerase. 

is Expression of foreign DNA in recombinant viruses requires the fusion of vaccinia promoters to protein 
coding sequences of the foreign gene. Plasmid vectors, also called insertion vectors have been constructed 
to insert the chimeric gene into vaccinia virus. One type of insertion vector comprises: (1) a vaccinia virus 
promoter including the transcriptional initiation site; (2) several unique restriction endonuclease cloning sites 
downstream from the transcriptional start site for insertion of foreign DNA fragments; (3) nonessential 

20 vaccinia virus DNA (such as the thymidine kinase gene) flanking the promoter and cloning sites which direct 
insertion of the chimeric gene into the homologous nonessential region of the virus genome; and (4) a 
bacterial origin of replication and antibiotic resistance marker for replication and selection in E. coli. 
Examples of such vectors are described by MacKett (1984). 

Recombinant viruses are produced by transfection of recombinant bacterial insertion vectors containing 

25 the foreign gene into cells infected with vaccinia virus. Homologous recombination takes place within the 
infected cells and results in the insertion of the foreign gene into the viral genome. See for example, U.S. 
Patent No. 4,603,112, the contents of which are incorporated by reference. Immunological techniques, DNA 
Plaque hybridization, or genetic selection can be used to identify and isolate the desired recombinant virus. 
These vaccinia recombinants retain the functions essential for infectivity and can be constructed to 

30 accommodate up to approximately 35 kb of foreign DNA. 

Expression of a foreign gene can be detected by enzymatic or immunological assays (e.g., im- 
munoprecipitation, enzyme-linked immunosorbent assay (ELISA), radioimmunoassy, or immunoblotting). 
Additionally, naturally occurring membrane glycoproteins produced from recombinant vaccinia infected cells 
are glycosylated and may be transported to the cell surface. High expression levels can be obtained by 

35 using strong promoters or cloning multiple copies of a single gene. 

Poliovirus as an Expression Vector 

Poliovirus is also used as expression vector for mutant RSV genetic sequences (e.g. immunogenic 

40 polypeptides). The virus contains a 7.5 kb linear single-stranded RNA genome of positive polarity and 
replicates within the cytoplasm of infected cells. 

It has been found that full-length poliovirus cDNA is infectious. Such poliovirus cDNA clones are 
constructed and used to produce virus according to U.S. Patent No. 4,719,177, the contents of which are 
incorporated by reference. Foreign DNA can be incorporated within the infectious poliovirus cDNA to 

45 produce altered virus particles. For example, poliovirus has been genetically altered such that antigenic site 
1 presents epitopes of other pathogens (Rose and Evans, 1991). 

Such chimeric viruses have been constructed by two methods. As described by Burke et al. (1988), a 
convenient restriction fragment of an infectious cDNA clone of poliovirus which includes the region of VP1 
encoding antigenic site 1 (NAg-1) is subcloned into phage M13mp18. A mutated fragment is produced 

so using oligonucleotide-directed mutagenesis so that the coding region for NAg-1 is replaced by the foreign 
epitope sequence. The full-length cDNA is reconstructed with the mutated fragment. According to another 
method by Burke et al. (1989), the full-length infectious cDNA is modified to create a cassette vector in 
which the region of VP1 encoding NAg-1 is flanked by unique restriction endonuclease sites. The NAg-1 
site can then be readily replaced by complementary oligonucleotides encoding the foreign sequence. 

55 The altered virus particles are produced by transfection of cells with the modified full-length poliovirus 
cDNA. Sequence analysis of genomic RNA can be used to confirm that the recovered virus contains the 
foreign sequence. 
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Expression of the foreign sequence can be detected by immunological assays (e.g. immunoprecipita- 
tion, neutralization, ELISA). 

Baculovirus As An Expression Vector 

5 

A baculovirus, such as Autographies californica nuclear polyhedris virus (AcNPV) can also be used as a 
cloning or expression vector. The infectious form of AcNPV in normally found in a viral occlusion. This 
structure is largely composed of polyhedrin polypeptide in which virus particles are embedded. Polyhederin 
gene expression occurs very late in the infection cycle, after mature virus particles are formed. Therefore, 

10 polyhedrin gene expression is a dispensable function, i.e., non-occluded virus particles produced in the 
absence of polyhedrin gene expression are fully active and are capable of infecting cells in culture. 
According to European Patent Application Serial No. 84105841,5 by Smith et al M a recombinant baculovirus 
expression vector can be prepared in two steps. First, baculovirus DNA is cleaved to produce a fragment 
comprising a polyhedrin gene or a portion thereof, which fragment is inserted into a cloning vehicle. The 

75 gene to be expressed is also inserted into the cloning vehicle; and it is so inserted that it is under control of 
the polyhedrin gene promoter. This recombinant molecule is called a recombinant transfer vector. Normally, 
the recombinant transfer vector is amplified in appropriate host cells. Second, the recombinant transfer 
vector formed in this way is mixed with baculovirus helper DNA and used to transfect insect cells in culture 
to effect recombination and incorporation of the cloned gene at the polyhedrin gene locus of the baculovirus 

20 genome. The resultant recombinant baculovirus is used to infect susceptible insects or cultured insect cells. 

Insertion Of The RSV Polypeptide Coding Sequences Into Expression Vectors 

The nucleotide sequence coding for the RSV polypeptide thereof or for the RSV polypeptide can be 
25 inserted in an appropriate expression vector, i.e. a vector which cmntains the necessary elements for the 
transcription and translation of the inserted protein-coding sequence. According to a preferred embodiment 
of the invention, nucleotide sequences coding for an immunogenic polypeptide is inserted into an 
appropriate expression vector. The coding sequence may be extended at either the 5' and 3' terminus or 
both termini to extend biosynthetically the polypeptide while retaining the epitope. The extension may 
30 provide an arm for linking, e.g., to a label, to a carrier or surface. The extension may provide for 
immunogenicity which may otherwise be lacking in some of the shorter antigenic polypeptides of the 
invention. 

A variety of host-vector systems may be utilized to express the protein-coding sequence. These include 
but are not limited to mammalian cell cultures such as Chinese hamster ovary cell host cultures, etc.; 

35 mammalian cell systems infected with virus (e.g. vaccinia virus, adenovirus, etc.); insect cell systems 
infected with virus (e.g. baculovirus); microorganisms such as yeast containing yeast vectors or bacteria 
transformed with bacteriophage DNA, plasmid DNA or cosmid DNA. In one embodiment the expression 
vector can be an attenuated enteroinvasive bacteria including but not limited to Salmonella spp., enteroin- 
vasive E. coli (EIEC), and Shigella spp. Such bacterium can invade gut epithelial tissue, disseminate 

40 throughout "the reticuloendothalicat system and gain access to mesenteric lymphoid tissue where they 
multiply and induce humoral and cell-mediated immunity. The expression elements of these vectors vary in 
their strength and specificities. Depending on the host-vector system utilized, any one of a number of 
suitable transcription and translation elements may be used. For instance, when cloning in mammalian cell 
systems, promoters isolated from the genome of mammalian cells, (e.g. , mouse metallothionine promoter) 

45 or from viruses that grow in these cells, (e.g. vaccinia virus 7.5K~prbmoter) may be used. Promoters 
produced by recombinant DNA or synthetic techniques may also be used to provide for transcription of the 
inserted sequences. 

Specific initiation signals may have to be provided for efficient translation of inserted protein coding 
sequences. These signals include the ATG initiation codon and adjacent sequences. In cases where the 

so RSV polypeptide, the RSV chimeric or RSV gene including its own initiation codon and adjacent sequences 
are inserted into the appropriate expression vectors, no additional translational control signals may be 
needed. However, in cases where only a portion of the RSV polypeptide sequence is inserted, exogenous 
translational control signals, including the ATG initiation codon must be provided. The initiation codon must 
have to be furthermore be in phase with the reading frame of the protein coding sequences to ensure 

55 translation of the entire insert. These exogenous translational control signals and initiation codons can be a 
variety of origins, both natural and synthetic. 

Any of the methods previously described for the insertion of DNA fragments into a vector may be used 
to construct expression vectors containing a chimeric gen consisting of appropriate 
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transcriptional/translational control signals and the protein coding sequences. These methods may include 
in vitro recombinant DNA and synthetic techniques and in vivo recombinations (genetic recombination). 

in" cases where an adenovirus is used as an xpression vector, the mutant RSV polypeptide gene is 
ligated to an adenovirus transcriptional/translational control complex, ejj., the late promoter and tripartite 

s leader sequences. This chimeric gene is then inserted in the adenovirus genome by in vitro or in vivo 
recombination. Insertion in a non-essential region of the viral genome (e.g. , region E1 or E3) will result in a 
recombinant virus that is viable and capable of expressing the RSV polypeptide in infected hosts. 

In addition, a host cell strain may be chosen which modulates the expression of the inserted 
sequences, or modifies and processes the chimeric gene product in the specific fashion desired. Expres- 

10 sion from certain promoters can be elevated in the presence of certain inducers, ( e.g. , zinc and cadmium 
ions for metallothionine promoters). Therefore, expression of the genetically engineered RSV polypeptide 
may be controlled. This is important if the protein product of the cloned foreign gene is lethal to host cells. 
Furthermore, modifications (ejj., glycosylation) and processing (og., cleavage) of protein products are 
important for the function of theprotein. Different host cells have characteristic and specific mechanisms for 

75 the post-translational processing and modification of proteins. Appropriate cell lines or host systems can be 
chosen to ensure the correct modification and processing of the foreign protein expressed. 

Identification Of Recombinant Expression Vectors Capable Of Replicating And Expressing The Inserted 
Gene 

20 

Expression vectors containing foreign gene inserts can be identified by three general approaches: (a) 
DNA-DNA hybridization, (b) presence or absence of "marker" gene functions, and (c) expression of inserted 
sequences. In the first approach, the presence of a foreign gene inserted in an expression vector can be 
detected by DNA-DNA hybridization using probes comprising sequences that are homologous to the foreign 

25 inserted gene. In the second approach, the recombinant vector/host system can be identified and selected 
based upon the presence or absence of certain "marker" gene functions ( e.g. , thymidine kinase activity, 
resistance to antibiotics, transformation phenotype, occlusion body formationlrTbaculovirus etc.) caused by 
the insertion of foreign genes in the vector. For example, if the RSV gene is inserted within the marker gene 
sequence of the vector, recombinants containing the RSV polypeptide inserted can be identified by the 

30 absence of the marker gene function. In the third approach, recombinant expression vectors can be 
identified by assaying the foreign gene product expressed by the recombinant. Such assays can be based 
on the physical, immunological, or functional properties of the gene product. 

Once a particular recombinant DNA molecule is identified and isolated, several methods may be used 
to propagate it, depending on whether such a recombinant constitutes a self-replicating unit (a replicon). A 

35 self replicating unit e^g., plasmids, viruses, cells, etc., can multiply itself in the appropriate cellular 
environment and growth" conditions. Recombinants lacking a self-relicating unit will have to be integrated 
into a molecule having such a unit in order to be propagated. For example, certain plasmid expression 
vectors upon introduction into a host cell need to be integrated into the cellular chromosome to ensure 
propagation and stable expression of the recombinant gene. Once a suitable host system and growth 

40 conditions are established, recombinant expression vectors can be propagated and prepared in quantity. 

Identification And Purification Of The Expressed Gene Product 

Once a recombinant which expresses the RSV polypeptide thereof is identified, the gene product 
45 should be analyzed. This can be achieved by assays based on the physical, immunological or functional 
properties of the product. Immunological analysis is especially important where the ultimate goal is to use 
the gene products or recombinant viruses that express such products in vaccine formulations and/or as 
antigens in diagnostic immunoassays. 

A variety of antisera are available for analyzing imunoreactivity of the product, including but not limited 
so to, polyclonal antisera raised against purified protein as described infra . 

The protein should be immunoreactive whether it results from the expression of the entire gene 
sequence, a portion of the gene sequence or from two or more gene sequences which are ligated to direct 
th production of chimeric proteins. This reactivity may be demonstrated by standard immunological 
techniques, such as radioimmunoprecipitation, radioimmune competition, or immunoblots. 
55 Once the RSV polypeptide is identified, it may be isolated and purified by standard methods including 
chromatography (e.g. ion exchange, affinity, and sizing column chromatography), centrifugation, differential 
solubility, or by anyother standard technique for the purification of proteins. 
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Determination Of The Immunopotency Of The Pharmaceutical Composition 

Immunopotency of the RSV related product or pharmaceutical composition can be determined by 
monitoring the immune response of test animals following immunization with any of the above-identified 

5 RSV live viral mutants, polypeptides or chimeric polypeptides. In cases where the RSV polypeptide is 
expressed by an infectious recombinant virus, the recombinant virus itself can be used to immunize test 
animals. Test animals may include but are not limited to mice, rats (e.g. cotton rats), rabbits, primates e.g. 
African green monkeys, chimps, and human subjects: Methods of introduction of the immunogen may 
include oral, intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal or any other 

io standard routes of immunizations. The immune response of the test subjects can be analyzed by four 
approaches: (a) the reactivity of the resultant immune serum to authentic RSV antigens, as assayed by 
known techniques, e.g., enzyme linked immunosorbant assay (ELISA), immunoblots, radioimmunoprecipita- 
tions, etc., (b) the ability of the immune serum to neutralize RS virus infectivity in vitro , (c) the ability of the 
immune serum to inhibit virus fusion in vitro and (d) protection from RSV infection or significant disease. 

75 The following data demonstrates~the utility of RSV TS mutants in a vaccine composition. Experiments 
demonstrating efficacy of vaccines in a cotton rat model, and attenuation, immunogenicity, and efficacy of 
vaccines in an African green monkey model are described. 

i) Cotton Rat Model: 

20 

Additional experiments were done in cotton rats to evaluate the efficacy of the RSV 2B and 3A TS 
mutants in preventing infection when challenged with a reference strain of the homologous subgroup (RSV 
18537/subgroup B and RSV A2/subgroup A). Cotton rats (8 per group) were inoculated intranasally with 
each RSV TS mutant. Nasal turbinates and lungs were harvested 4 days post-infection, from 4 rats per 

25 group, for virus titrations. Six weeks post-infection, the remaining rats were bled for neutralizing and EIA-F 
titers, then challenged with the appropriate reference RSV strain. Four days post-challenge, nasal turbinates 
and lungs were removed for virus titration. Results are shown in Tables 14 and 15. 

As discussed previously and shown in Table 12, growth of all four RSV 2B TS mutants was very poor 
compared to the parental RSV 2B strain. Neutralizing and EIA antibody titers elicited by RSV 2Bp33F and 

30 RSV 2Bp24G were relatively high despite poor virus recovery, possibly indicating an intermediate level of 
attenuation for both mutants. Level of protection against virus challenge reflected the level of neutralizing 
antibody response and was high for RSV 2Bp33F and 2Bp24G, moderate for RSV 2Bp20L, and ineffective 
for RSV 2Bp34L. All RSV 3A strains grew in the nasal turbinates but demonstrated a high level of 
attenuation in growth in the lungs. Titers of neutralizing and EIA antibodies were high and all rats were 

35 completely protected against virus challenge. 

The results demonstrate that growth of the attenuated strains elicited protective immunity against virus 
challenge, suggesting that these strains may be useful as vaccine. Failure of vaccination with the RSV 
2Bp34L strain to protect was most likely due to failure of virus to grow due to its high level of attenuation. 
Since cotton rats are a less susceptible host than humans, failure of this strain to protect does not imply 

40 that 2Bp34L would be an ineffective vaccine in humans. 

ii) African Green Monkey Model: 

Growth, immunogenicity, and efficacy of TS mutant strains RSV 2Bp33F, 2Bp24G, 2Bp20L, 3Ap20E, 
45 3Ap20F, and 3Ap28F were evaluated in African green monkeys (AGMs). AG Ms are more susceptible to 
infection with human RSV than are the cotton rats, and characteristics of infection may be more relevant to 
that seen in humans because of the closer phylogenetic relationship. Two AGMs each were inoculated with 
10 s PFU of each mutant virus by combined intranasal and intratracheal route. Virus growth was evaluated 
by nasal wash and bronchial lavage. Neutralizing and EIA antibody responses were tested at approximately 
so 0, 1, 2, 3, 4, 6, and 8 weeks post-infection. Eight weeks post-infection, animals were challenged with 10* 
PFU of the parental strain by intranasal and intratracheal route. Virus growth and antibody response was 
evaluated as described above. 

Growth of the parental RSV 2B and 3A strains can be seen in Figures 8 and 9: vaccine controls. Both 
virus strains grew to high titers in both the nose and lung. Nasal discharge and radiographic evidence of 
55 viral pneumonia was seen in one control monkey (032B) infected with RSV 2B, demonstrating that RSV is 
capable of causing disease in AGMs. These results confirm differences in these characteristics of infection 
in AGMs vs the cotton rat model, in which disease was not observed and RSV 3A was unable to replicate in 
the lung. Failure of the parental strains of RSV to cause disease in 3 of 4 monkeys suggests that the AGMs 
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are not as susceptible a host as ar humans. 

Virus titrations for each monkey infected with the RSV 2B TS mutants and then challenged with the 
parental strain are shown in Figure 8. RSV 2Bp33F grew to low levels in the nasal wash in 1 of 2 monkeys, 
RSV 2Bp24G grew to low levels in nasal wash or in lungs in both monkeys. RSV 2Bp20L failed to grow. In 

5 those AG Ms where the RSV 2B TS mutants grew, monkeys were partially to fully protected against 
challenge with parental strain. Tables 16 and 17 give antibody titration results obtained for each monkey 
post-vaccination (Table 16) and post-virus challenge (Table 17). Results show that in monkeys where virus 
grew, low levels of neutralizing and El A antibody titers were seen by 2.5 weeks post-infection. Following 
challenge with the parental strain, antibody titers boosted one full week earlier in vaccinated monkeys with 

w antibody titers prior to challenge, than in vaccinated animals which failed to seroconvert or in unvaccinated 
controls. This demonstrated that vaccination with these TS mutants was sufficient to both prime the immune 
system and to elicit protection against virus challenge. Because these monkeys are not as susceptible to 
infection as humans, failure of attenuated virus to grow and to effectively immunize does not imply that 
virus would not be effective in a fully susceptible host (i.e. seronegative human infant). 

75 Virus growth in AGMs infected with the RSV 3A TS mutants and challenged with the parental 3A strain 
are shown in Figure 9. All 3 RSV 3A TS mutant strains were attenuated in growth, in the order of most to 
least attenuated: 3Ap28F>3Ap20E>3Ap20F. Vaccination with all 3 TS mutants afforded excellent protection 
against virus challenge. Antibody response for monkeys vaccinated with RSV 3A TS mutants is shown in 
Table 18, and response following virus challenge is shown in Table 19. In all vaccinated AGMs, with the 

20 exception of one monkey given RSV 3Ap28F, low levels of neutralizing and El A antibody titers were 
detected beginning 3 weeks post-vaccination. Following challenge with the parental strain, all vaccinated 
monkeys boosted a full week earlier than the unvaccinated controls and were protected either fully or 
partially from infection, demonstrating that vaccination primed the immune response and was protective. 
This included the one AGM in which antibody response was not detected following vaccination, indicating 

25 that measure of serum antibody response may not be fully representative of level of protective immunity. 

The results from the AGM studies again demonstrate that all six TS mutants tested were attenuated. 
Vaccination with those mutants which were able to replicate in these monkeys was efficacious in preventing 
infection with challenge virus. 

30 Degree of Attenuation: 

An RSV TS mutant, TS-1, was obtained from Dr. Brian Murphy, NIH. This TS mutant was originally 
derived from the RSV A2 strain by chemical mutagenesis and was tested in clinical trials in seronegative 
human infants in the 1970's. The outcome of these trials suggested that TS-1 was underattenuated and 

35 caused an unacceptable level of disease (rhinitis and otitis media) in infants. In addition, the TS phenotype 
of TS-1 partially reverted following growth in humans. Experiments have been carried out which compare 
growth of the RSV 2B and 3A TS mutants with that of the TS-1 mutant in an attempt to assess the relative 
in vivo attenuation level of the RSV 2A and 3B mutants, and to demonstrate differences between these 
mutants and what had been used by others in previous clinical trials. The results of the cotton rat study are 

40 shown in Table 20, and may be compared directly with the cotton rat data shown in Tables 14 and 15. The 
TS-1 mutant was less attenuated than the RSV 2B and 3A TS mutants, as can most clearly be seen by 
comparing growth in the lung. 

A growth study in African green monkeys (AGMs) comparing TS-1 with RSV 2Bp33F and 3Ap28F was 
carried out and the results are shown in Figure 10. Monkeys were infected with virus either intranasally (TS- 

45 1 and 2Bp33F) or intranasally + intratracheal (3Ap28F). Virus was recovered in 1 of 4 monkeys infected 
with 2Bp33F and 2 of 4 monkeys infected with 3Ap28F. Titers were relatively low in both cases, indicating 
that virus was attenuated. In contrast, relatively high titers of virus were recovered in all 4 monkeys 
inoculated with TS-1 . In 2 of 4 monkeys, the levels of TS-1 titers were equivalent to those seen in monkeys 
infected with wild type virus. TS-1 did not spread to the lungs, as would be expected for wild type virus, 

50 indicating that TS-1 was somewhat attenuated. The results clearly show that RSV 2Bp33F and 3Ap28F have 
different phenotypic characteristics than TS-1 and are significantly more attenuated. This higher level of 
attenuation is a property that is desirable for a vaccine to be administered to human infants. 

Isolation of Monoclonal Antibodies 

55 

For the isolation of mouse monoclonal antibodies, eight (8) week old mice are inoculated intranasally 
with live RSV and/or are injected with about 50 micrograms of the purified polypeptide or mutant RSV in 
complete Freund's adjuvant 1:1 volume. Mice may th n be boosted, at monthly intervals with the 
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polypeptide or mutant RSV, this with incomplete Freund's adjuvant. Splenocytes are then fused with non- 
secreting myeloma cells, according to procedures which have been described and are known to those of 
skill in the art to which this invention pertains. Some time later, approximately two (2) weeks later, 
hybridoma supernatent is screened for binding activity against the polypeptide. Positive clones are isolated 
5 and propagated. 

Isolates of human monoclonal antibodies can be done similarly, except B cells can be isolated from 
patients and transformed with Epstein-Barr virus (EBV). The B cells are then fused with non-secreting 
myeloma cells according to procedures which have been described and are known to those of skill in the 
art to which this invention pertains. Some time later, approximately two (2) weeks later, hybridoma 
10 supernatent will be screened for binding activity against the polypeptide or mutant RSV. Positive clones are 
isolated and propagated. Alternatively human monoclonal antibodies can be prepared using methods 
described in Patent Nos. 4,720,459, 4,693,975 or 4,574,116, the contents of which are hereby incorporated 
by reference. These monoclonal antibodies are useful for diagnostic assays and therapy. 

75 Cold-Adaptation of Virus 



This method comprises obtaining live virulent virus (RSV) derived from clinical isolates and that have 
been isolated in primary rhesus monkey kidney cells. These are then passed in Vero cells at 35-36°C and 
plaque purified. Preferably, the Vero cells are passage 133 to 148 of the Vero cell line CCL81, obtained 

20 from the American Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockville, Maryland, U.S.A. 
20852. Maintenance medium is preferable MEM with 2% FBS, L-glutamine, non-essential amino acids and 
20mM Hepes pH 7.5, and freezing medium is MEM with 10% FBS and 20mM Hepes pH 7.5. 

A confluent monolayer of Vero cells are inoculated with about 1.0ml of virus inoculum and virus is 
allowed to absorb for about 1 to 2 hours (preferably, 70 to 120 minutes, and most preferably 90 minutes) at 

25 ambient temperature (about 18°C to about 25°C). 

The virus flask is incubated at about 18°C to about 26°C, preferably about 20°C, for about two to fifteen 
days. Virus is harvested by removing the medium and replacing it with freezing medium. The flask is then 
frozen directly at -70°C, then thawed in a 32°C water bath. 

A portion (about 1 ml) is removed from the freeze thaw lysate and is used to inoculate Vero cells and 

so the process is repeated. The remaining freeze-thau lysate is stored at -70°C. It can be used to perform virus 
titrations and plaque purify virus. 

To plaque purify virus, the freeze-thaw lysate is thawed in a 32°C water bath. About 3 to 5 serial 
dilutions of the lysate is made in maintenance medium. Six-well, twenty-four well, or ninety-six well plates 
containing confluent Vero cells are rinsed with a phosphate buffered saline solution. Wells are inoculated 

35 with virus dilution, using only enough volume to cover bottom of well. Virus inoculum is adsorbed for 90 
minutes at ambient temperature. Wells are overlaid with 1% methylcellulose in MEM-maintenance medium. 
Plates are incubated at 32°C for 5 days. Isolated plaques are identified microscopically by looking for 
typical syncytial plaques, and wells are marked. Plaques are picked at marked sites using small bore 
pipette or pipette tip and are emulsified in 0.5 ml maintenance medium for 1-3 hours at 4°C. Picked plaques 

40 are used to inoculate duplicates of 25 cm 2 flask or 96-well plates containing Vero cell monolayers as 
described above. Duplicate inoculated flasks or plates are overlaid with maintenance medium. One 
duplicate is incubated at 32°C and the other at 39°C for 5-10 days. Flasks or plates incubated at 32°C are 
examined microscopically for virus CPE. Flasks or plates incubated at 39°C are stained by immunoperox- 
idase assay for RSV specific antigen. Flasks or plates which demonstrate easily detectable CPE at 32 *C 

45 and little or no detectable RSV antigen by immunoperoxidase Staining are selected as containing TS 
mutants. Virus from the selected flask or plate described above are harvested by freeze-thaw technique. 
This virus represents a plaque purified mutant. 

DISCUSSION 

50 

Cold adaptation was used to develop attenuated strains of RSV from two parental strains derived from 
clinical isolates. Seven TS mutants were isolated, 4 from a subgroup B virus (RSV 2B) and 3 from a 
subgroup A virus (RSV 3A). All 7 mutants displayed a temperature sensitive phenotype in Vero cell culture, 
each with unique characteristics. All mutants were attenuated in growth in cotton rats, but displayed 
55 different phenotypes. Growth of one of the TS mutants, RSV 2Bp20L, was shown to be attenuated in 
seropositive chimpanzees. All 7 mutants retained 2 major neutralization epitopes. 

Cold adaptation of RSV had previously been done in primary or diploid cell lines (bovine embryonic 
kidney, WI38, and cercopithecus monkey kidney) at temperatures beginning at 34°C-37°C and decreasing 
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to 25°C-26°C. No attempt had been made to isolate multiple individual mutant phenotypes from the cold 
adapted virus (Friedewald et al, 1968; Maassab and DeBorde, 1985; Frickey, 1969). This approach to cold 
adapting RSV differed in several significant ways from these previous attempts. This procedure started with 
a subgroup A and subgroup B virus of different strains than those used previously. These strains bore 

5 distinct phenotypic differences from the reference strains and each other. These strains were passed 
several times to adapt virus to Vero cells and to plaque purify virus. Virus was passaged in a continuous 
cell line, Vero cells, rather than a diploid or primary cell line. Several strategies of temperature change were 
used, to provide a greater potential for isolation of a variety of mutant phenotypes. Unlike previous RSV 
cold adaptation strategies where cold adaptation had started at 34-37°C and gone down to 25-26°C, 

io applicants started at either 26°C (since applicants found that the parental strains grew well at this 
temperature) or 22°C,and gradually reduced the growth temperature to 20°C. Passage strategies attempted 
to cover both the recommendation of "slow" adaptation to very low temperatures as proposed by Massab 
and DeBorde (1985), as well as efforts to try a faster and more aggressive approach. RNA viruses mutate at 
such a high frequency that any population of virus will contain a number of individual virus variants (Holland 

is et al, 1982), therefore a variety of virus mutants were isolated from individual flasks at various virus passage 
levels and from different cold adaptation strategies. The results were interesting and somewhat unexpected. 
The rate at which virus became adapted (i.e., grew to consistently high titers at the 20°C temperature), was 
most affected by the strain of virus used, implying a significant host-related factor in adaptation. RSV 2B 
easily adapted to the cold temperatures, even using a rapid adaptation scheme. In contrast, RQV 3A grew 

20 poorly at the low temperatures. RSV 3A was eventually cold adapted using the slow passage scheme, but 
the more rapid adaptation approaches did not appear promising and were discontinued. Based on cold 
adaptation experiences reported by other researchers, it was expected TS mutants would arise and 
eventually become the predominant virus variants in the cold adapted populations. For example, Belshe and 
Hissom (1982) reported that with parainfluenza virus type 3 adapted to grow at 20°C, 80% of plaque 

25 purified virus clones were TS by passage 18 and 100% were TS by passage 45. In this study, even after 
38-40 low temperature passages, including up to 32 passages done at 20°C, RSV TS mutants remained a 
minor population. This would suggest that TS and cold adapted phenotypes may not be as strongly linked 
in RSV as they are in other viruses. 

Level of attenuation is a critical factor in developing vaccines for any target population and is of 

30 particular importance for vaccines intended for infants and young children. Virus must be sufficiently 
attenuated to not cause disease, yet grow well enough in the vaccine to elicit protective immunity. Widely 
accepted markers for attenuation are TS phenotype ancl reduced growth in animal models, however these 
markers are only approximate and testing must eventually be done in the target population. The RSV 3A TS 
mutants could be distinguished from the RSV 3A parental virus by reduced replication in both the nose and 

35 lungs. Also of note, although the RSV 3A parental virus grew much better in the nose than the lungs of 
cotton rats, virus recovery was similar in both nose and lungs of BALB/c mice. These data suggest that the 
attenuation seen in cotton rats is due to more than one factor, and that this factor is not directly related to 
temperature sensitivity as measured in vitro. The cotton rat is relatively nonpermissive for growth of RSV 
and disease does not develop, suggesting that this model is an unreliable indicator of level of attenuation in 

40 humans. In contrast, chimpanzees are highly susceptible to RSV infection and develop an upper and lower 
respiratory tract disease that is very similar to that seen in humans. In seropositive chimps applicants found 
the RSV 2B parental strain caused mild upper respiratory tract disease similar to that caused by natural 
RSV infections in adult humans. The RSV 2Bp20L mutant did not grow, clearly demonstrating that this TS 
mutant was attenuated in a permissive host as well as the non-permissive cotton rat. The level of atteluation 

45 is best aqsessed in a seronegative chimp, as prior virus exposure will affect the host response to virus 
challenge. Unfortunately, testing in seronegative chimps is severely hampered by the limited availability of 
these animals. 

The mutants of this invention that have been examined here bear the desirable traits of an attenuated, 
phenotypically stable, and immunogenic RSV vaccine virus in the human target population. 

50 
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Table I: RSV 2B COLD ADAPTATION 
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0.4 


26 


2 


6.0 


6. 1 


3 


0.6 


26 


2 


5.5 


5.6 


4 


0.8 


26 


2 


4.5 


4.7 


5 


1.0 


26 


7 


4.9 


5.0 


6 


2.0 


26 


7 


6.2 


6.3 


7 


3.0 


26 


7 


7.9* 


7.6* 


8 


4.0 


22 


7 


7.5 


7.6 


9 


5.0 


22 


7 


7.3 


7.3 


10 


. 6.0 


22 


7 


7.2* 


7.2* 


11 


7.0 


22 


7 


7.5* 


7.7* 


12 


8.0 


22 


7 


8.0* 


7.9* 


13 


9.0 


22 


7 


8.0* 


7.9* 


14 


io.o 


20 


7 


7.6 


7.7 


15 


11.0 


•20 


7 


7.0 


5.9 


16 


12.0 


20 


7 


7.2 


7.1 


17 


13.0 


20 


7 


6.7 


6.3 


18 


15.0 


20 


14 


5.5 


5.2 


19 


17.0 


20 


14 


6.3 


6.0 


20 


18.0 


20 


7 


6.1 


5.8 


21 


19.0 


20 


7 


5.4 


5.7 


22 


20.0 


20 


7 


5.9 


5.7 


23 


21.0 


20 


7 


6.3 


5.5 


24 


22.0 


20 


7 


6.9 


6.3 


25 


23.0 


20 


7 


6.8 


6.6 


26 


24.0 


20 


8 


6.6 


6.3 


27 


25.0 


20 


7 


6.3 


6.0 


28* 


26.0 


20 


6 


6.5 


6.2 


29 


27.0 


20 


7 


6.2 


6.3 


30 


28.0 


20 


7 


7.0 


7.2 


31 


29.0 


20 


7 


7.3 


7.1 


32 


30.0 


20 


7 


6.8 


6.5 


33 


31.0 


20 


. 7 


6.9 


6.7 


34 


32.0 


20 


7 


6.9 


7.0 


35 


33.0 


20 


7 


7.4 


7.0 


36 


34.0 


20 


7 


7.2 


7.1 


37 


35.0 


20 


7 


7.4 


7.0 


38 


36.0 


20 


7 


7.4 


7.1 


39 


37.0 


20 


7 


7.5 


7.0 


40 


38.0 


20 


7 


7.2 


6.7 



* Syncytial CPE seen at harvest 
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Table lb: RSV 2B COLD ADAPTATION 



Cuirjn. Time 
i Passage 



Incubation 
Temp Time 



Virus Yield 
H 







°C 


pays 


G 


1 


U • -> 


26 


3 


7.1 


2 


n "7 


26 


3 


6-9 


3 


± . u 


7 ? 


7 


6.4 


4 


2*U 


0 *> 


7 


6.4 


5 


3.0 


00 


7 


6.6 


6 




00 


7 


6.9 


7 


5.0 


OO 


7 


6.9 


8 


6.0 


on 


7 


6. 3 


9 


7.0 


on 


7 


6.2 


10 


8.0 


z u 


7 


6.6 


11 


9.0 


0 0 


7 


7 . 0 


12 


10 . 0 


on 


7 


7.0 


13 


11 . 0 


on 
^ u 


7 


6. 3 


14 


12. O 


70 

A. V/ 


7 


7.7 


15 


13 • O 




7 


7.2 


16 


15. O 




XH 


6.4 


17 


16 - O 


0 n 


O 
O 


6. 8 


18 


17 . 0 






£ 9 

V.J 


19 


18 . 0 




"7 

/ 


6*. 9 


20 


19 . 0 


•5 n 
^ u 


/ 


6 . 7 


21 


20.0 


^ \j 


•7 


6.4 


22 


21.0 






6 . 5 


23 


22.0 




7 


6 9 


24 


23.0 


7 n 


-7 
/ 


6.8 


25 


"5 A ft 


20 


8 


6.4 


26 


25.0 


20 


7 


6.0 


27 


26.0 


20 


6 


6.3 


28 


27.0 


20 


7 


6.5 


29 


28.0 


20 


7 


7.1 


30 


29.0 


20 


7 


6.1 


31 


30.0 


20 


7 


6.4 


32 


31-0 


20 


7 


6.2 


33 


32.0 


20 


7 


6.4 


34 


33.0 


20 


7 


6.4 


35 


34.0 


20 


7 


6.9 


36 


35.0 


20 


7 


7.0 


38 


37.0 


20 


7 


7.1 



7.1 

6.9 

6.4 

6-3 

6.4 

6.8 

6.7 

6.3 

6.3 

6.9 

7.0 

7.4 

7.3 

7.9 

7.4 

6.3 

6.9 

7.0 

7.1 

7.0 

6.8 

7.0 

7.1 

6.7 

6.2 

5.5 

5.5 

5-9 

6.4 

7.1 

5.5 

5.9 

6.2 

6.9 

6.5 

6.7 

7.2 



22 
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Table lc: RSV 2B COLD ADAPTATION 



J,L 





uumiu. X llu€ 


Incubation 


virus 


Yield 


Passage 


passage 


Temp 


Time 


loq 10 PFU 




Weeks 


*C 


Davs 


J 


L 


1 


T A 

1 - u 


22 


7 


6.8 




2 


•5 a 
2 . U 


22 


7 


7.1 




3 


3.0 


22 


7 


6.7 




4 


it A 

4 - u 


22 


7 


5.9 


6.1 


5 


c A 


22 


7 


4.8 


5.7 


6 


6 • U 


20 


7 


4.9 


5.0 


7 


7 . U 


20 


7 


4.8 


4.9 


8 


A A 

9 . O 


20 


14 


6.0 


6.0 


9 


^ i a 
11 . 0 


20 


14 


6.6 


6.3 


10 


12 * 0 


20 


7 


6.9 


6.9 


11 


13 . 0 


20 


7 


6.6 


6.7 


12 


lb . U 


20 


14 


6.0 


6.0 


13 


lo • U 


20 


8 


6.3 


6.2 


14 


^ "5 A 

17 • 0 


20 


6 


6.2 


6.5 


Id 


no a 

18 . 0 


20 


7 


6.6 


6.7 


16 


19 • 0 


20 


7 


6.4 


6.9 


17 


20.0 


20 


7 


6.5 


6.9 


lo 


21.0 


20 


7 


6.9 


7.0 


19 


22 • 0 


20 


7 


7.4 


7.4 


^ a 
20 


23 • 0 


20 


7 


7.2 


7.4 


21 


24.0 


20 


8 


7.0 


7.1 


22 




20 


7 


6.8 


6.9 


23 


2t> • 0 


20 


6 


6.9 


7.0 


24 


27 . 0 


20 


7 


7.0 


7.0 


25 


28.0 


20 


7 


7.8 


7.4 


26 


29.0 


20 


7 


7.5 


7.3 


27 


30.0 


20 


7 


6.8 


6.7 


28 


31.0 


20 


7 


6.9 


6.8 


29 


32.0 


20 


7 


7.0 


6.9 


30 


33.0 


20 


7 


7.4 


7.2 


31 


34.0 


20 


7 


7.3 


6.7 


32 


35.0 


20 


7 


7.3 


6.9 


33 


36.0 


20 


7 


7.3 


7.0 


34 


37.0 


20 


7 


7.2 


6.9 


35 


38.0 


20 


7 


€.6 


6.3 
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Table 2a: RSV 3A COLD ADAPTATION 



E 





v^unuu . i line 


Incubation 


virus Yield 


passage 


rdssage 


Temp 


Time 


jLoq 10 PfU 


s 

* 


weeKS 




Davs 


1 


G • 2 


/o 


2 


6.2 


2 


U . 4 


2 1> 


2 


5. 1 


J 


U • © 


2 t> 


2 


4.7 


4 


0*8 


2o 


2 


3.8 


5 


1.0 


26 


7 


4.0 


6 


2.0 


26 


7 


5.0 


7 


3.0 


26 


7 


6.1 


8 


4.0 


22 


7 


6.0 


9 


5-0 


22 


7 


5.6 


10 


6.0 


22 


7 


5.8; 


11 


7.0 


22 


7 


5.7 


12 


8.0 


22 


7 


5.9 


13 


9.0 


22 


7 


5.9 


14 


11.0 


20 


14 


5.8 


15 


13.0 


20 


14 


6.1 


16 


15. 0 


20 


14 


4.8 


17 


17 . 0 


20 


14 


4.9 


18 


19 . 0 


20 


14 


4.8 


19 


20.0 


20 


7 . 


4.3 


20 


22.0 


20 


14 


4.9 


21 


24 • O 


20 


14 


5.2 


22 


26.0 


20 


15 


5.6 


23 


28.0 


20 


13 


6.3 


24 


30.0 


20 


14 


6.3 


25 


32.0 


20 


14 


7.3 


26 


34.0 


20 


14 


7.8 


27 


36.0 


20 


14 


7.2 


28 


38.0 


20 


14 


7.4 


29 


40.0 


20 


14 


6.8 


30 


42.0 


20 


14 


7.3 
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Table 2b: RSV 3A COLD ADAPTATION 



5 




Cumm. Time 


Incubation 


Virus Yield 




Passage 


Passage 


Temp 


Time 


loa 10 PFU 
F 




# 


Weeks 


°c 


Davs 




1 


0.2 


26 


2 


6.1 


10 


2 


0.4 


26 


2 


5.1 


3 


0.6 


26 


2 


4.7 




4 


0.8 


26 


2 


3.6 




. 5 


1.0 


26 


7 


4.3 




6 


2.0 


26 


7 


5.3 


15 


7 


3.0 


26 


7 


6.4 




8 


4.0 


22 


7 


6.3 




9 


5.0 


22 


7 


5.2 




10 


6.0 


22 


7 


5.8 




11 


7.0 


22 


7 


5.7 


20 


12 


8.0 


22 


7 


6.0 




13 


9.0 


22 


7 


5.6 




14 


11.0 


20 


14 


5.5 




15 


13.0 


20 


14 


5.4 




16 


15.0 


20 


14 


3.9 


25 


17 


17.0 


20 


14 


3.7 




18 


19.0 


20 


14 


3.5 




19 


21.0 


20 


14 


3.8 




20 


23.0 


20 


14 


4.2 




21 


25.0 


20 


15 


3.2 


30 


22 


27.0 


20 


13 


3.9 




23 


29.0 


20 


14 


4.5 




24 


31.0 


20 


14 


4.7 




25 


33.0 


20 


14 


4.8 




26 


35.0 


20 


14 


5.3 


35 


27 


37.0 


20 


14 


5.5 




28 


39.0 


20 


14 


5.8 



AO 



45 



SO 



65 
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Table 2c: RSV 3A COLD ADAPTATION 



JLJ. 





Cumm.Time 


Incubation 


Virus 


Yield 


Passage 


Passage 


Temp 


Tine 


loq 


I 


* 


Weeks 


•c 


Davs 


H 


1 


0,3 


26 


3 


6.9 


7.0 


2 


0.7 


26 


3 


6.1 


6.4 


3 


1.0 


22 


7 


5.8 


5.8 


4 


2.0 


22 


7 


5.8 


5.9 


5 


3.0 


22 


7 


5.9 


5.7 


6 


4.0 


22 


7 


5.6 


5.5 


7 


5.0 


22 


7 


5.1 


5.1 


8 


6.0 


20 


7 


4.0 


3.8 


9 


7.0 


20 


7 


3.3 


2.8 


10 


9.0 


20 


14 


3.9 


3.2 


11 


11.0 


20 


14 


3.9 


3.1 


12 


13.0 


20 


14 


4.0 


3.0 



' Jii 

Cumm.Time Incubation Virus Yield 

Passage Passage Temp Time loq 1 0 PFU 

# Weeks °C Days J L 

1 1.0 22 7 6.7 

2 2.0 22 7 6.7 

3 3.0 22 7 6.0 

4 4.0 22 7 5.7 5.6 

5 5.0 22 7 4.2 4.9 

6 6.0 20 7 3.7 3.7 

7 7.0 20 7 3.1 3.0 

8 9.0 20 14 2.8 3.2 

9 11.0 20 14 2.3 3.3 
10 13.0 20 14 3.0 2.8 
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Table 3: Summary of Cold Adaptation Passage History. 



10 



is 



2B 
3A 



I Parental vin« fecc^o 

PBMK Veto 

35°C 35 W C 36 W C Total 

7 2 12 21 



12 



22 



OOold Adaptation teeev^ 



KlasX 2TC 2?£ 



V^o 



20^ 



Total 



20 



E,F 


7 


6 


27 


40 


G,H 


2 


5 


32 


39 




0 


5 


30 


35 


£ 


7 


6 


17 


30 


F 


7 


6 


15 


28 


H,I 


2 


5 


5 


12 


J,L 


0 


5 


5 


10 



Table 4 



25 



30 



35 



40 



45 



Efficiency of Plaquing of Cold Passaged Virus 


virus 


EOP 39/32°C 


Week5 


Week 17 


2B 


0.8 


0.6 


2B-E 


0.6 


0.6 


2B-F 


0.8 


0.7 


2B-G 


0.6 


0.8 


2B-H 


0.7 


0.4 


2B-J 


ND 


0.9 


2B-L 


0.7 


0.6 


3A 


0.6 


0.6 


3A-E 


0.6 


0.4 


3A-F 


0.8 


0.2 


3A-H 


0.6 


ND 


3A-I 


0.9 


ND 


3A-J 


0.6 


ND 


3A-L 


0.6 


ND 



60 



55 



27 
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Table 5: TS Mutants Plaque Purified from Cold Adapted Virus 



PSV 2B 



Cunnn. /Passage 
Weeks # 



Vk23/p25 
Wk31/p33 
Vk38/p40 



Vk23/p24 
Vk31/p32 
Vk38/p39 



Wk23/p20 
vk31/p28 
Vk37/p34 
Vk38/p35 



ITS/fTotal Plaques 
Isolated 

-I _f 

0/10 i/io 

0/10 i/io 

0/10 i/io 

1/10 2/10 

o/io 2/iq 

1/10 4/10 

0/9 1/10 

0/10 0/10 

0/8 2/9 

1/20 3/8 



BSV 3A 



Curanu /Passage 
Weeks < 



vk22/p20 
Wk32/p25 
Vlk42/p30 



**23/p20 

Vk31/p24 
%Jk37/p27 

Vk39/p28 



rTS/ntJtal Plaques 

2/10 
1/10 
3/9 

-Z 

V9 

0/10 

1/10 
2/5 
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Table 6: Summary of EOP Data on Twice Plaque Purified RSV TS Mutants 



BOP 









J9/32 C 


a _ 

40/32 C 


5 


2B 


(parent) 


0.7-1.0 


0.6-0.8 


0.4 






(ppio-ij 


0.5 


0.002 


ND 






(ppv-2) 


0.9 


0.0008 


ND 


10 


2Bp24G 


(FP2-D 


0.2 


0.00001 


<0. 00001 




2§?39G 


(PP7-3) 


1.0 


0.009 


ND 




$E£24H 


(EP3-2) 


ND 


0.003 


0.001 




2Bp32H 


(5P6-2) 


0.9 


0.03 


ND 


15 


2Ep39H 


(Pp6-5) 


1.0 


0.04 


ND 


2Ep35J 


(R52-1) 


0.4 


0.2 


ND 




2Bp20L 


(FP5-D 


0.02 


ND 


<0. 00001 




2Bp34L 


(PP2-2) 


0.005 


0.0005 


ND 


20 


2Ep35L 


(EPl-1) 


0.3 


0.02 


ND 


2E&35L 


(PP2-1) 


0,5 


0.1 


ND 




2Bp35L 


(EPB-3) 


0.2 


0,05 


ND 




Table 


6 : Summary of BOP Data an ivioe Plaque Purified RSV TS Mutants 


25 




(continued) 














BOP 






RSV Isolate 


37/32 w C 


39/32 w C 


40/32 w C 


30 


3A 


(parent) 


1.0 


0.5-0.9 


0.6 


3Ap20E 


fep3-i) 


0.6 


0.006 


0.000009 






<H?7-5) 


0.5 


0.2 


ND 






(EP3-D 


0.4 


0.08 


ND 




3*p20F 


(PP*-3) 


0.8 


>0.1 


0.000004 


35 


3*p27F 


(P?l-2) 


0.3 


0.003 


ND 




3Ap28F 


(pplO-1) 


0.2 


0.002 


ND 



ND - Not Dane 
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Table 11 





Monoclonal Antibody Neutralization of RSV 2B and RSV 3A Parental and TS Mutants 


5 


Challenge Strains 


Neutralization Titers 






143-6C 


133-1H 




2B 


15,091 


46,775 




2Bp33F 


23,364 


32,690 


10 


2Bp24G 


>25,600 


32,571 




2Bp20L 


25,972 


32,790 




2Bp34L 


16,757 


77,172 




3A 


99,814 


46,493 




3Ap20E 


76,203 


>25,600 


15 


3Ap20F 


69,513 


13,743 




3Ap28F 


80,436 


34,136 




Note: Neutralizations were done by a standard 60% plaque reduction neutralization assay on Vero 




cell monolayers in 96-well microtiter plates. Challenge with a 1 :400 dilution of non-neutralizing 


20 


monoclonal antibody 131-2G showed no reduction in titer in any of the nine strains. 
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Table 16: RSV GROWTH AND IMMUNOGENIC I TY IN AFRICAN GREEN MONKEYS: 



RSV 2B TS MUTANTS 



TS MUTANT 
VIRUS GROWTH 



IMMUNOGENICITY 



PEAK VIRUS TITER 
(loglO PFU/ml) 



NEUTRALIZATION TITERS 



EIA TITERS 
(xlO 3 ) 





VIRUS 


AGM NASAL 


LUNG 


DAY 


2B 


A2 


3A 


anti-F 


70 




















2Bp33F 


SK034 <0.7 


<0.7 


0 


<10 


<io 


<10 


<0.15 










7 


<10 


<10 


<10 


<0.15 










14 


<10 


<10 


<10 


0.88 


75 








24 


<10 


<10 


<10 


0.49 










27 


<10 


<10 


<10 


0.92 










41 


<10 


<10 


<10 


0.26 




2Bp33F 


SK028 2 . 9 


<0.7 


0 


<10 


<10 


<10 


<0.15 


20 








7 


<10 


<10 


<10 


<0.15 










14 


<10 


<10 


<10 


<0.15 










24 


28 


<10 


<10 


2.92 










27 


33 


<10 


<10 


3.56 


25 








41 


19 


<10 


11 


1.74 




2Bp24G 


SK012 <0.7 


1.9 


• 0 


<10 


<10 


<10 


<0.15 










7 


<10 


<10 


<10 


<0.15 










14 


<10 


<10 


<10 


<0.15 


30 








24 


12 


<10 


<10 


14.91 










27 


10 


<10 


<10 


13.18 










41 


<10 


<10 


<10 


11.05 


35 


2Bp24G 


SK030 3 . 2 


<0.7 


0 


<10 


<10 


<10 


<0.15 








7 


<10 


<10 


<10 


<0.15 










14 


<10 


<10 


<10 


<0.15 










24 


>440 


10 


204 


34.13 










27 


404 


21 


190 


37.64 


40 








41 


256 


<10 


98 


17.74 



45 



50 



55 



40 
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Table 16 (cont'd) 



2Bp20L SK033 <0.7 <0.7 

5 



10 

2Bp2QL SK042 <0.7 <0.7 



0 


<10 


<10 


<10 


0 . 24 


7 


<10 


<10 


<10 


0. 30 


14 


<10 


<10 


<10 


1. 48 


24 


<10 




<■ J-U 




27 


<10 


<10 


<10 


1.24 


41 


<10 


<10 


<10 


0.34 


0 


<10 


<10 


<10 


<0.15 


7 


<10 


<10 


<10 


<0.15 


14 


<10 


<10 


<10 


<0.15 


24 


<10 


<10 


<10 


0.18 


27 


<10 


<10 


<10 


0.20 


41 


<10 


<10 


<10 


0.15 



1 - All monkeys were inoculated with 10 6 PFU of RSV 2B TS virus, IN+IT. 
20 2 = 60% plaque reduction neutralization test. 

3 = Source of coating protein is RSV A2 F protein. 
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Table 17: RSV GROWTH AND IMMUNOGENICITY IN AFRICAN GREEN MONKEYS: RSV 2B 
CHALLENGE OF MONKEYS 8 WEEKS POST -VACCINATED WITH RSV 2B TS MUTANTS 1 



CHALLENGE 

VIRUS GROWTH IMMUNOGENICITY 

PEAK VIRUS TITER NEUTRALIZATION TITERS 2 EIA TITERS 3 



10 



20 



30 



45 



VACCINE 


(loglO 


PFU/ml ) 










* 

(xlO 3 ) 


VIRUS 


AGM NASAL 


LUNG 


DAY 


2B 


A2 


3A 




2Bp33F 


SK034 5.7 


5.0 


0 


<10 


<10 


<10 


0.52 








7 


<10 


<10 


<10 


0.91 








14 


451 


10 


472 


303.84 








21 


6797 


33 


829 


592.61 








28 


4353 


50 


815 


135.85 








42 


1978 


44 


264 


52.76 


2Bp33F 


SK028 <0.8 


3.8 


0 


13 


<10 


<10 


2.50 








7 


208 


65 


576 


43.64 








14 


2868 


443 


2051 


131.70 








21 


1883 


404 


2144 


144.39 








28 


1127 


227 


2797 


53.22 








42 


941 


79 


729 


43.30 


2Bp24G 


SK012 3.9 


3.2 


0 


<10 


<10 


<10 


21.58 








7 


281 


111 


323 


258.89 








14 


604 


431 


731 


551.49 








21 


698 


298 


692 


668.50 








28 


357 


325 


985 


189.81 








42 


272 


82 


895 


104.16 


2Bp24G 


SK030 <0.8 


<0.7 


0 


91 


<10 


69 


34.55 








7 


628 


322 


1120 


174.07 








14 


1617 


397 


1953 


203.58 








21 


1184 


256 


968 


145.71 








28 


851 


276 


1313 


49.28 








42 


637 


48 


* 329 


27.36 


2Bp20L 


SK033 5,3 


4.5 


0 


<10 


<10 


<10 


1.78 








7 


<10 


<10 


<10 


1.88 








14 


516 


<10 


325 


289.94 








■ 21 


500 


22 


550 


418.91 








28 


783 


56 


52S 


148.25 








42 


518 


48 


442 


91.39 



50 



55 



42 
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Table 17 (cont'd) 





2Bp20L 


SK042 


5.4 


3.3 


0 


<10- 


<X0 


<10 


0.21 


5 










7 


<10 


<10 


<10 


0.32 












14 


36 


<10 • 


116 


135.80 












"21 


213 


21 


284 


116.99 












28 


256 


30 


300 


JO . Oo 












42 


516 


40 


289 


19.30 


70 






















Control 


SK046 


5.9 


4.7 


0 


<10 


<10 


<10 


0.10 












7 


<10 


<10 


<10 


0.13 












14. 


272 


50 


594 


275.33 


75 










21 


488 


98 


1140 


587.93 












28 


1377 


75 


1393 


190.49 












42 


1659 


47 


573 


183.97 


20 


Control 


032B 


5.5 


3.9 


0 


<10 


<10 


<10 


0.25 










7 


<10 


<10 


<10 


0.24 












14 


2462 


201 


3458 


626.57 












21 


1546 


303 


1279 


482.31 












28 


1162 


104 


1729 


164.53 


25 










42 


1044 


83 


689 


75.1 



30 



1 = AGMs were previously vaccinated with RSV 2B TS virus strains. All monkeys 
were challenged 8 weeks post- vaccination with 10* PF0 of RSV 2B, IN+IT. 

2 = 60% plaque reduction neutralization test. 3 « Source of coating protein 
is RSV A2 F protein. 
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Table 18: RSV GROWTH AND IMMUNOGENICITY IN AFRICAN GREEN MONKEYS: 



RSV 3 A TS MUTANTS 



V^RUS GROWTH 



IMMUNOGENICITY 



PEAK VIRUS TITER 
(loglO PFU/ml) 



NEUTRALIZATION TITERS 2 EIA-F TITERS 3 

<xl03) 



70 


VIRUS 


AGH 


NASAL 


LUNG 


DAY 


2B 


A2 


3A 




3Ap20E 


01128 


1.7 


1.3 


0 


<10 


<10 


<10 


<0 . 05 












7 


<10 


<10 


<10 


<0.05 












14 


<10 


<10 


<10 


3 .72 


it: 










21 


38 


<10 


39 


23 - 12 












28 


21 


<10 


13 


27 .42 












40 


14 


<10 


<10 


31.11 


20 


3Ap20E 


0L1161 


2.3 


2.9 


0 


<10 


<10 


<10 


<0.05 












7 


<10 


<10 


<10 


<0.05 












14 


<10 


<10 


■ 30 


5.84 












21 


14 


12 


57 


19 .51 












28 


56 


18 


126 


27 .53 












40 


44 


31 


108 


38.90 




3Ap20F 


90B037 


3.2 


<1.0 


0 


<10 


<10 


<10 


<0.05 












7 


<10 


<10 


<10 


<0.05 


30 










14 


<10 


<10 


11 


1-17 












21 


12 


<10 


47 


34.32 












28 


20 


17 


86 


31.58 












40 


49 


26 


123 


35.05 


35 


3Ap20F 


90 BOA 5 


3.9 


1.0 


0 


<10 


<10 


<10 


0.35 












7 


<10 


<10 


<10 


0.30 












14 


<10 


<10 


19 


3.16 












21 


11 


11 


22 


12.61 


40 










28 


12 


13 


24 


16.82 












40 


24 


<10 


39 


14.92 



45 



50 



55 



44 
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Table 18 (cont'd) 







n 


✓ in 


✓ 1 A 
^ J.U 


<10 


<0 . 05 


5 




7 


<10 


<10 


<10 


<0.05 






14 


<10 


<10 


<10 


0.18 






21 


<10 


<10 


<10 


1.29 






28 


<10 


<10 


<10 


2.63 


10 




40 


<10 


<10 


<10 


3.44 




3Ap28F 91B043* 2.9 <0.9 


0 


<1P 


<10 


<10 


<0.05 






7 


<10 


<10 


<10 . 


<0.05 


15 




14 


<10 


11 


27 


3.83 



1 = All monkeys were inoculated with 10 b PFO of RSV 3A TS viruses, IN+IT. 

2 = 60% plague reduction neutralization test. 

20 3 = Source of coating protein is RSV A2 F protein. 

4 = Monkey died on day 15. Cause of death unrelated to RSV infection. 
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Table 19: RSV GROWTH AND IMMUNOGENICITY IN AFRICAN GREEN MONKEYS: RSV 3A 

CHALLENGE OF MONKEYS 8 WEEKS POST- VACCINATED WITH RSV 3A TS MUTANTS 1 

CHALLENGE 

5 VIRUS GROWTH IMMUNOGENICITY 

PEAK VIRUS TITER NEUTRALIZATION TITERS 2 EIA-F TITERS 3 

VACCINE (loglO PFU/ml) (x!03) 





VIRUS 


AGM 


NASAL LUNG 


DAY 


2B 


A2 


3A 




10 


3Ap20E 


01128 


1.4 0,7 


0 


14 


12 


<10 


35.75 








7 


216 


281 


602 


699, 10 










14 


417 


265 


784 


611. 24 










21 


AO? 


307 


573 


247„ 16 










*o 






731 


463. 57 


15 










1 AC 




426 


285 . 47 




3Ap20E 


0L1161 


2.2 <0.8 


0 


21 


<10 


56 


25.37 










7 


526 


412 


2735 


535. 05 


20 








14 


516 


521 


2382 


252 . 93 










21 


581 


473 


1840 


275. 32 










28 


478 


437 


1651 


244*01 










42 


250 


239 


753 


141.33 


25 




















3Ap20F 


90BO3 


<1.1 <0.8 


0 


84 


56 


221 


41.17 










7 


2374 


2093 


6051 


435.25 










14 


3701 


2916 


8652 


450. 55 










21 


2933 


2224 


6561 


481.99 


30 








28 


1849 


1588 


4031 


287.28 










42 


3086 


967 


3950 


207. 9B 




3Ap20F 


90BO45 


<1.0 <0.8 


0 


24 


12 


56 


13.44 


35 








7 


644 


627 


1381 


182.99 










14 


1024 


549 


2174 


223.70 










21 


1835 


699 


2130 


273.87 










28 


831 


318 


1499 


177.21 










42 


534 


258 


1073 


127.80 


40 




















3Ap28F 


91B027 


<1.0 0.8 


0 


<10 


<10 


<10 


5.50 










7 


408 


229 


521 


150.97 










14 


585 


560 


2016 


234.25 


45 








21 


449 


311 


1161 


359.53 










28 


316 


400 


714 


184.91 










42 


242 


217 


436 


142.67 



50 



55 



46 
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Table 19 (cont'd) 

Control 91K041 5.0 4.7 



10 



Control 91K059 5.1 4.6 



75 



0 


<10 


<10 


<10 


<0.05 


7 


<10 


<10 


<10 


0.13 


14 


19 


<10 


205 


213.29 


21 


106 


33 


423 


602.54 


28 


123 


99 


278 


562.05 


42 


107 


80 


257 


252.99 


0 


<10 


<10 


<10 


<0.05 


7 


<10 


<10 


<10 


0.09 


14 


97 


34 


384 


166.59 


21 


288 


158 


1259 


268.47 


28 


<160 


<160 


575 


286.52 


4? 


290 


17$ 


.. 1448 


. .. 2*8.74 



20 



1 = AGMs were previously vaccinated with RSV 3 A TS virus strains. All monkeys 
were challenged 

8 weeks post-vaccination with 10 6 PFU of RSV 3A, IN+IT. 

2 = 60% plaque reduction neutralisation test. 

3 = Source of coating protein is RAV A2 F protein. 
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75 Claims 

1. A cold adapted mutant respiratory syncytial virus (RSV). 

2. A cold adapted mutant respiratory syncytial virus subgroup A. 

20 

3. A cold adapted mutant respiratory syncytial virus subgroup B. 

4. A cold adapted mutant respiratory syncytial virus subgroup A of Claim 2, wherein the mutant virus is 
selected from the group consisting of 3Ap20E, 3Ap20F and 3Ap28F. 

25 

5. A cold adapted mutant respiratory syncytial virus subgroup B of Claim 3, wherein the mutant virus is 
selected from the group consisting of 2Bp33F, 2Bp24G, 2Bp20L and 2Bp34L. 

6. A pharmaceutical composition comprising a cold adapted mutant respiratory syncytial virus and a 
30 pharmaceutical^ acceptable carrier. 

7. Purified immunogenic polypeptide isolated from a cold adapted mutant respiratory syncytial virus. 

8. The purified immunogenic polypeptide of Claim 7, wherein the polypeptide is selected from the group 
35 consisting of L, F, G, M, M2(22K), P, SH, 1B t 1C and N. 

9. A pharmaceutical composition comprising a purified immunogenic polypeptide isolated from a cold 
adapted mutant respiratory syncytial virus and a pharmaceutical^ acceptable carrier. 

40 10. A nucleic acid molecule encoding a cold-adapted mutant respiratory synctial virus. 
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